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FOREWORD 

This document contains t h e  speeches d e l i v -  
e red  by MSC personnel  a t  t h e  Manned Lunar Explor- 
a t i o n  Symposium on June 15 and 16, 1964, he ld  a t  
NASA Manned Spacecraf t  Center,  Houston, Texas. 
Following t h e  t echn ica l  program, subgroup meetings 
of prospec t ive  experimental  teams were he ld  on 
June 17 and 18, 1964. Warren G i l l e s p i e ,  Jr. of 
MSC served as symposium manager. 
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1. APOLLO MISSION DESCRIPTION 

By D r .  W i l l i a m  A. Lee 

This paper desc r ibes  a t y p i c a l  f ipollo luna r  landing mission. The 
p a r t i c u l a r  example chosen provides a 24-hour stay on the  luna r  sur face  
and has  a t o t a l  du ra t ion  of s l i g h t l y  more than  eight days. 

EARTH LAUNCH PHASE 

Launch w i l l  be fran t h e  Merritt I s l a n d  Launch Area a t  Cape Kennedy 
( f i g .  1-1). 
wi th in  t h i s  bu i ld ing  and then  moved t o  one of t h e  launch pads by a l a r g e  
t r a c t o r - l i k e  device c a l l e d  a "crawler" ( f i g .  1-2).  
( f i g .  1-31 t h e  p rope l l an t  tanks  a re  f i l l e d ,  t h e  crew en te r s ,  and t h e  en- 
t i re  vehic le  i s  given a f i n a l  checkout. 

The Sa turn  V boos te r  and t h e  Apollo spacec ra f t  are assembled 

On t h e  launch pad 

It is  d i f f i c u l t  t o  convey the s i z e  of t h e  t o t a l  vehic le  i n  i t s  
normal s e t t i n g  and f i g u r e  1-4 o f f e r s  a more familiar ob jec t  for compar- 
ison. Plans a r e  being made t o  launch i n t o  space a s t r u c t u r e  over 
350 f e e t  t a l l ,  weighing approximately 3,000 t ons  a t  launch. The t h r e e  
crewmen are contained i n  t h e  s m a l l  conica l  p o r t i o n  a t  the  top ,  c a l l e d  
the  command module. 

Comment should be made on t h e  arrangement of t h e  spacec ra f t  a t  
launch because t h i s  arrangement d i c t a t e s  a number of t h e  maneuvers 
which w i l l  t ake  p lace  l a t e r  i n  the  mission ( f i g .  1-51. A t  launch t h e  
t h r e e  crewmen are loca ted  i n  t h e  command module. ?hey w i l l  remain 
t h e r e  throughout most of t he  t r i p ,  and it i s  t h i s  po r t ion  of t he  space- 
c r a f t  which w i l l  r e t u r n  t o  ear th .  Immediately below t h e  command module 
i s  t h e  s e r v i c e  module containing,  pr imar i ly ,  a rocke t  engine and pro-  
p e l l a n t s ,  as w e l l  as some miscellaneous suppl ies .  The s e r v i c e  module 
w i l l  provide t h e  t h r u s t  required t o  slow t h e  s p a c e c r a f t ,  p lac ing  it i n  
a l u n a r  o r b i t ,  and la te r ,  t o  send the  command module out  of o r b i t  and 
back toward ea r th .  Below the  serv ice  module i s  an adapter  which con- 
nec t s  t h e  spacec ra f t  t o  t h e  upper s t age  of t h e  Sa turn  V booster.  Within 
t h e  adapter  i s  t h e  t h i r d  module of t he  s p a c e c r a f t ,  t h e  luna r  excursion 
module o r  LEN. The LEM is e s s e n t i a l l y  a second spacec ra f t  and is  de- 
s igned  t o  c a r r y  two of t he  three  crewmen from luna r  o r b i t  down t o  t h e  
s u r f a c e  of t h e  moon and then  back t o  a rendezvous with t h e  command and 
s e r v i c e  modules i n  luna r  o r b i t .  I n  t h e  launch conf igura t ion ,  it is 
tucked away wi th in  the  adapter  and is not a c c e s s i b l e  t o  the  crew. 
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Returning now t o  t h e  mission sequence, t he  events  occurr ing during 
the  first day a r e  shown i n  f i g u r e  1-6. The spacec ra f t  i s  launched 
( f i g .  1-7) i n t o  a '100 n a u t i c a l  miles cu rcu la r  parking o r b i t  around t h e  
e a r t h  ( f i g .  1-8). 
t h e  o r b i t i n g  spacec ra f t  i s  checked once aga in  while  it completes between 
one and th ree  o r b i t s .  
( f i g .  1-9) t o  i n s e r t  t he  spacec ra f t  onto a t r a n s l u n a r  t r a j e c t o r y .  

S t i l l  a t t ached  t o  t h e  upper s t a g e  of t h e  Sa turn  V, 

The upper s t a g e  of t h e  Sa turn  then burns aga in  

Af te r  t h e  i n j e c t i o n  maneuver ( f i g .  1-10) has been completed, t h e  
command and se rv ice  modules sepa ra t e  from t h e  adap te r  ( f i g .  1-11), 
leaving  the  LEM a t t ached  t o  t h e  Sa turn  stage. 
180" ( f i g .  1-12) and docks wi th  i t s  forward hatch mated t o  t h e  LEM hatch .  
The Saturn s t a g e  is  j e t t i s o n e d ,  and t h e  spacec ra f t  t r a v e l s  toward t h e  
moon i n  the  docked conf igura t ion .  

The spacec ra f t  i s  r o t a t e d  

LUNAR LANDING PHASE 

The planned t r a n s l u n a r  t r a j e c t o r i e s  ( f i g .  1-13) vary  i n  du ra t ion  

For t h e  example chosen, it i s  6% hours. 

between 62 and 75 hours, depending on t h e  earth-moon r e l a t i o n s h i p  a t  

a t  t h e  time of t h e  mission. 

Up t o  four  midcourse co r rec t ions  ( f i g .  1-14) may be r equ i r ed  during 
t h i s  per iod.  

1 

Near t h e  p o i n t  of c l o s e s t  approach t o  t h e  moon, t h e  s e r v i c e  module 
engine slows t h e  spacec ra f t  ( f i g .  1-15) and p l aces  it i n  an 80 n a u t i c a l  
miles c i r c u l a r  o r b i t  around t h e  moon. Two crew members transfer i n t o  
t h e  LEM. 
o r b i t s  have been completed, t h e  LEM s e p a r a t e s  ( f i g .  1-16) from t h e  
command se rv ice  modules and uses  i t s  engine t o  p l ace  it on a descent  
t r a j e c t o r y .  A s  t he  LEM approaches t h e  landing  s i t e ,  a second burn of 
t he  descent  engine is begun and continued u n t i l  a few seconds before  
landing  . 

I t s  equipment i s  a c t i v a t e d  and t e s t e d  and a f t e r  two l u n a r  

The landing a rea  ( f i g .  1-17), a c c e s s i b l e  t o  t h e  Apollo spacec ra f t  
for t he  i n i t i a l  missions,  i s  roughly a r e c t a n g l e  9" wide and 10" h igh ,  
centered on the  near-ear th  f ace  of t he  moon. The boundaries a r e  d e t e r -  
mined by ope ra t iona l  and s a f e t y  cons ide ra t ions  and may be modified s i g -  
n i f i c a n t l y  f o r  l a t e r  missions.  S p e c i f i c  l and ing  s i t e s  w i t h i n  t h i s  
r ec t ang le  have not  y e t  been se l ec t ed .  The choice ,  f o r  t he  i n i t i a l  
missions,  w i l l  be d i c t a t e d  l a r g e l y  by s a f e t y  cons ide ra t ions  and by i n -  
formation obtained from t h e  unmanned l u n a r  probes.  
w i l l  be made i n  s u n l i g h t  i n  order  t o  enhance t h e  p i l o t ' s  a b i l i t y  t o  
observe and avoid l o c a l  obs t ac l e s  dur ing  landing .  

I n i t i a l  landings 

The d e t a i l e d  c a p a b i l i t i e s  of t h e  system for l u n a r  su r face  a c t i v -  
i t i e s  ( f i g .  1-18) w i l l  be descr ibed  l a t e r .  m e  LFM can remain on the  
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su r face  up t o  44 hours, bu t  probably w i l l  be r e s t r i c t e d  t o  s h o r t e r  s t ay -  
times f o r  t h e  e a r l y  missions.  For t h e  sample mission presented  here, a 
24-hour s t a y  was assumed. 

LUNAR LAUNCH PHASE 

The lunar launch events  are depic ted  i n  f i g u r e  1-19. A s  f i g u r e  1-20 
ind ica t e s ,  t h e  LEM is a two-stage veh ic l e  and t h e  descent  s t a g e  serves  as 
a launch platform f o r  t h e  a scen t  t o  luna r  o r b i t .  Approximately one hour 
after launch, t h e  LEN w i l l  rendezvous wi th  t h e  t h i r d  crew member who has 
remained i n  o r b i t  ( f i g .  1-21). 
and t h e  crew, data and samples a r e  t r a n s f e r r e d  t o  t h e  command module. 
The LEM i s  l e f t  i n  luna r  o r b i t  and t h e  s e r v i c e  module engine propels  
t h e  command module back toward e a r t h .  

The vehic les  are docked aga in  ( f i g .  1-22) 

FdWI" LANDING PHASE 

Return t r a j e c t o r i e s  may range from 83 t o  115 hours.  I n  t h i s  ex- 
1 
2 

ample, 92- hours a r e  required.  

co r rec t ions  may be used dur ing  the r e t u r n  f l i g h t .  (See f i g .  1-23. ) 

Another series of up t o  fou r  mid-course 

Jus t  before t h e  spacec ra f t  s t r i k e s  the  atmosphere ( f i g .  1-24) ,  the 
s e r v i c e  module is j e t t i s o n e d  and the command modide o r i en ted  with t h e  
b lun t  heat  s h i e l d  forward. 
t h e  spacec ra f t  t o  assure  landing a t  the designated recovery point .  
F i n a l l y ,  a set  of t h r e e  parachutes a r e  deployed and the  spacec ra f t  de- 
scends t o  t h e  water  ( f i g .  1-26). C r e w ,  samples and spacec ra f t  a r e  re- 
t r i e v e d  from t h e  su r face  of t h e  ocean by the  recovery s h i p ,  i n  t h i s  
ca se ,  some 400 m i l e s  east of Hawaii. 

During e n t r y  ( f i g .  1-25) the  p i l o t  maneuvers 
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2. SPACECRAFT DESCRIPTION 

By 0. E. Maynard 

"his paper w i l l  l i m i t  t h e  desc r ip t ion  of t h e  spacec ra f t  t o  a broad 
d e s c r i p t i o n  of t h e  modules and w i l l  conta in  d e t a i l s  of t h e  ope ra t iona l  
subs3;stems. These subsystems may be grouped i n  twelve areas. 

Subs ys tern 

S t ruc tu re  

S t a b i l i z a t i o n  and Control 

Navigation and guidance 

Crew provis ions  

Environmental c o n t r o l  

Landing gear 

Instrumentat ion 

E l e c t r i c a l  power 

Propulsion 

Reaction c o n t r o l  

Communications 

Controls and d i sp lays  

Command 
module 

X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 

Service 
module 

Lunar  excurs ion 
module 

~~ 

Ascent 
s t a g e  

X 
X 
X 
X 
X 

X 
X 
X 
X 
X 
X 

Descent 
s t age  

SPACECRAFT 

The spacec ra f t  launch configurat ion ( f i g .  1-6) s h m s  the f i v e  major 
p a r t s  of t he  t o t a l  spacecraf t  as it is  mounted on t h e  top  of t h e  i n s t r u -  
ment u n i t  of t h e  S-IV B stage of t h e  Saturn V launch vehic le .  

The launch escape system is provided t o  a b o r t  t he  cormnand module 
f r o m  t h e  rest of t h e  system during the  atmospheric phase of the  f l i g h t  
i n  a manner much l i k e  t h e  Mercury system. It is a s o l i d  p rope l l an t  
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system of about l50,OOO pounds t h r u s t  w i th  a 30,000 pounds t h r u s t  j e t t i -  
son motor and a 5,000 pounds t h r u s t  p i t c h  c o n t r o l  motor. It i s  j e t t i -  
soned a s  soon as the  aerodynamic loads are such t h a t  t h e  s e r v i c e  
propulsion system can perform the sepa ra t ion  funct ion.  

The adapter  provides the  s t r u c t u r a l  attachment f o r  t h e  s e r v i c e  
module and provides both a shroud f o r  t he  atmospheric phase of t h e  
f l i g h t  and s t r u c t u r a l  attachment f o r  the luna r  excursion module (LEM). 
It i s  j e t t i s o n e d  down t o  the  LEM attachment a f t e r  t r a n s l u n a r  i n j e c t i o n .  
The design c u r r e n t l y  f o l d s  it back and r e t a i n s  it with t h e  instrument 
u n i t .  

The comand module (04) i s  the  manned command cen te r  f o r  e a r t h  
launch, general  s p a c e f l i g h t  a c t i v i t i e s ,  e a r t h  r e e n t r y  and recovery. It 
provides f o r  a crew of three.  

The se rv ice  module (SM) provides c e r t a i n  antennas,  t h e  r e a c t i o n  
con t ro l  system f o r  s p a c e f l i g h t  a t t i t u d e  c o n t r o l ,  and t h e  main propuls ion 
system f o r  t r a j e c t o r y  con t ro l  and luna r  o r b i t  e n t r y  and e x i t .  The 
s e r v i c e  module a l s o  houses r a d i a t o r s  f o r  thermal c o n t r o l  of t h e  space- 
c r a f t ,  hydrogen and oxygen s u p p l i e s ,  and f u e l  c e l l s  which generate power 
and water. The power consumables and coolant  f l u i d s  are piped through 
umbilicals t o  t h e  command module for a l l  phases up t o  e a r t h  r e e n t r y ,  
landing and recovery. 

The lunar  excursion module (LEM) is designed and provided s p e c i f -  
i c a l l y  f o r  the l u n a r  landing mission. The LEM provides  f o r  a crew of 
two; i t s  mission includes sepa ra t ion  from t h e  CM i n  l u n a r  o r b i t ,  descen t  
t o  the  luna r  s u r f a c e ,  support  f o r  l una r  s u r f a c e  exp lo ra t ion ,  l u n a r  
launch and rendezvous with t h e  Cm i n  l una r  o r b i t .  

Figure 2-1 shows the  s p a c e c r a f t  i n  t h e  s p a c e f l i g h t  conf igu ra t ion  
as it would be a f t e r  t r a n s p o s i t i o n ,  docking, and subsequent e x t r a c t i o n  
of t h e  LEM from t h e  adapter .  A t  t h i s  s t a g e  t h e  LEM landing gear  and 
SM antenna a r e  now deployed. 

The SM s e r v i c e  propuls ion system (SPS) and r e a c t i o n  c o n t r o l  system 
(RCS) provides the necessary propuls ion f o r  maneuvers i n  t h i s  configur-  
a t i o n .  The LEM descent  engine,  which i s  a l s o  gimballed,  and the LEM 
RCS could provide cer ta in  propulsion c a p a b i l i t y  as w e l l .  

The IEM normally i s  e s s e n t i a l l y  p a s s i v e  i n  t h i s  conf igu ra t ion .  It 
is  checked o u t  i n  l u n a r  o r b i t  by t h e  crew who would t r a n s f e r  from t h e  
CM through the docked i n t e r f a c e  i n t o  t h e  cab in  of t he  LEM ascen t  s tage.  
Both cabins are then h a b i t a b l e  with open f a c e  p l a t e s  on t h e  space s u i t s .  

- '  I 
I 
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At ten t ion  should be c a l l e d  t o  t h e  environmental c o n t r o l  system 
r a d i a t o r s  on t h e  SM and the  severable umbi l i ca l  between the  S M  and t h e  
CM. 

There are two forward viewing windows and two s i d e  viewing windows 
i n  t h e  CM, and t h e r e  are two more s i d e  vieving wifidows i n  t h e  IZM with 
an a d d i t i o n a l  window i n  t h e  t o p  of t h e  LEM cabin. Seven windows are 
proviaed i n  t h i s  configuration. 

Navigation o p t i c s  a r e  on t h e  opposi te  s i d e  of t h e  CM and on t h e  
t o p  of t h e  LEM ascen t  s tage.  

Extra-vehicular access/egress is provided i n  t h i s  conf igu ra t ion  
through e i t h e r  t h e  s i d e  hatch on the CM o r  t h e  forward hatch on t h e  
a scen t  s t a g e  of t h e  IEM. 

Relative r o l l  o r i e n t a t i o n  is v a r i a b l e  bu t  would be planned with 
normally wide to l e rances .  

COMMAND MODULE: 

Tfle command module (CM) is an a b l a t i o n  cooled, honeycomb sandwich, 
m u l t i p l e  s t r u c t u r e  which provides c r e w  p r o t e c t i o n  a g a i n s t  a l l  environ- 
ments. 

The l i v i n g  area i n  the  CM ( f ig .  2-2) provides  f o r  t h e  t h r e e  a s t r o -  
nau t s  t o  be p rope r ly  supported on shock mounted couches f o r  e a r t h  launch, 
p m e r e d  s p a c e f l i g h t ,  e a r t h  r een t ry ,  landing,  and recovery. 

The l e f t  hand s t a t i o n  i s  termed t h e  f l i g h t  c o n t r o l  s t a t i o n  and i s  
v e r y  a c t i v e  du r ing  launch, a b o r t ,  r e e n t r y ,  and landing. The r i g h t  hand 
s t a t i o n  is termed t h e  system management s t a t i o n  and is v e r y  a c t i v e  a t  
any t i m e  i n  t h e  mission when checkout o r  malfunction d e t e c t i o n  equip- 
ment is involved. The c e n t e r  s t a t i o n  provides access  t o  t h e  c r i t i c a l  
elements of both f l i g h t  c o n t r o l  and systems management t o  d i s t r i b u t e  
t h e  t a s k s  and provide s u i t a b l e  redundancy. 

The navigat ion s t a t i o n  is provided f o r  s p a c e f l i g h t  navigat ion 
s i g h t i n g s  and a general  work area.  There i s  space a v a i l a b l e  under t h e  
couches f o r  stowage and a rest s t a t i o n  during s p a c e f l i g h t .  

Onboard equipments, l a r g e l y  o p t i c a l ,  i n e r t i a l  and e l e c t r o n i c ,  are 
l o c a t e d  i n  t h e  lower equipment bay wi th  a con t ro l l ed  environment as 
provided by glycol-cooled cold p l a t e s .  A major p o r t i o n  of t h e  sc i en -  
t i f i c  payload w i l l  a l s o  be i n  t h i s  lower equipment bay. R i g h t  and l e f t  
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hand equipment bays a r e  a l s o  provided. 
provides  100 percent  oxygen environment a t  approximately 5 p s i  i n  both 
the  cabin c i r c u i t  and the  s u i t  c i r c u i t .  

The environmental  c o n t r o l  system 

The crew t r a n s f e r  ha tch ,  t unne l ,  r e e n t r y  h e a t  p r o t e c t i o n ,  and the  
shock absorbing probe p o r t i o n  of t h e  landing  mechanism a r e  shown on the  
cen te r  l i n e .  The major equipment outboard of t h i s ,  and above t h e  bulk- 
head, a r e  the  e a r t h  landing  system parachutes  and mortars.  
t o r o i d a l  bay a r e  loca ted  RCS engines  and r e a c t a n t s  f o r  e a r t h  r een t ry ,  
landing and recovery. 

I n  t h e  lower 

SERVICE MODULE 

The se rv ice  module (SM) i n  f i g u r e  2-3 houses the  f u e l  c e l l s ,  cry-  
ogenic r eac t an t s  (He and 0 2 )  and r a d i a t o r s  f o r  t h e  environmental  c o n t r o l  

system (ECS) and the  e l e c t r i c a l  power system (EPS). The SM suppor ts  t h e  
CM a t  s i x  poin ts  f o r  e a r t h  launch and powered space flight. 
of t he  poin ts  are t ens ion  t i e s .  It mounts a high-gain antenna,  a r a d a r  
antenna,  and o t h e r  equipment not  e s s e n t i a l  f o r  e a r t h  r e e n t r y ,  landing,  
and recovery. The conf igura t ion  is centered  around the  s e r v i c e  propul-  
s i o n  system which uses an a b l a t i o n  cooled engine,  burning e a r t h - s t o r a b l e  
hypergol ic  p rope l l an t s ,  and i s  f ed  by an  ambient helium p r e s s u r i z a t i o n  
system. 
c a l  ox id izer  tanks; two o the r s  hold f u e l  tanks;  and t h e  remaining two 
a r e  used f o r  equipment such as f u e l  c e l l s  and r e a c t a n t s .  

A t  t h r e e  

There a r e  s i x  l o n g i t u d i n a l  bays; two bays house long c y l i n d r i -  

- '  1 
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There a re  fou r  sets of r e a c t i o n  c o n t r o l  system quadrant assemblies  
with p rope l l an t  and f o u r  or thogonal  r e a c t i o n  c o n t r o l  engines  on each. 
These assemblies a r e  complete wi th  p r o p e l l a n t  and p r e s s u r i z a t i o n ,  g iv ing  
16  r a d i a t i o n  cooled engines  i n  a l l .  The same engines  a r e  used i n  the  
LEM ascen t  s tage  but  a r e  arranged somewhat d i f f e r e n t l y .  

I 

The SM e x t e r n a l  s t r u c t u r e  i s  a n  aluminum honeycomb sandwich. The 
requi red  meteoroid p r o t e c t i o n  is t o  be provided by p r o t e c t i n g  c r i t i c a l  
components and tanks wi th  l o c a l  i n t e r n a l  shrouds. 

LUNAR EXCURSION MODULE 

The lunar  excursion module (m) is  i l l u s t r a t e d  i n  f i g u r e  2-4. 
The LEN i s ,  of course,  t he  s p a c e c r a f t  from which t h e  manned l u n a r  ex- 
p l o r a t i o n  must  be conducted. It is  a two-staged s p a c e c r a f t  designed 
f o r  missions from luna r  o r b i t .  It is configured t o  opera te  s e p a r a t e l y  



from t h e  CSM f o r  periods up t o  48 hours. 
sur face  opera t ion  t i m e s  of 24 hours wi th  a d d i t i o n a l  contingency t i m e s  
e i t h e r  on t h e  su r face  or i n  lunar o r b i t  p r i o r  t o  rendezvous. 

It is designed f o r  l una r  

The descent  s t age  has  an ear th-s torab le  propuls ion system employing 
an ablat ion-cooled engine with a rad ia t ion-cooled  sk' ir t .  
able (about 1O:l) and t h e  engine is gimballed f o r  t h r u s t  vec to r  t r i m  
cont ro l .  The system is pressure  fed from .an -ambient helium s y s t e m . '  It 
has f o u r  landing l e g s  which a r e  stowed i n  t h e  adapter  r e t r a c t e d  and then  
deployed p r i o r  t o  landing. 
a t t a c h  the  IZM descent  s t a g e  t o  the adapter .  

It is  t h r o t t l e -  

The inboard gear s t r u c t u r e  is  a l s o  used t o  

The landing  gear is designed t o  land on slopes s i m i l a r  t o  those 
shown i n  f i g u r e  2-5. The gear  is a l s o  designed t o  permit landings with 
up t o  10 f t / s e c  v e r t i c a l  ve loc i ty ,  5 f t / s e c  h o r i z o n t a l  v e l o c i t y  and 
random or i en ta t ion .  . It is  expected t h a t  t h e  f l i g h t  con t ro l  system w i l l  
be ab le  t o  c o n t r o l  v e l o c i t y  and o r i e n t a t i o n  w e l l  below t h e  m o d e l  des ign  
value,  and t h a t  t h e  LEM w i l l  be able t o  be launched from t h e  descent  
s t age  a t  angles  up t o  about 30". 

The ascent  stage has a f ixed  t h r u s t ,  non-gimballed, a l l  a b l a t i o n  
cooled, ambient helium pressur ized ,  e a r t h  s t o r a b l e ,  propuls ion s y s t e m ;  
t h e  system employs a s i n g l e  oxidizer  tank and a s i n g l e  due l  tank  a t  an 
O/F r a t i o  of 1.6 t o  1.0. 
same engines as on the  SM and i s  used f o r  a t t i t u d e  c o n t r o l  dur ing  both 
descent  and ascent ;  t h e  system has a d u a l  set o f . p o s i t i v e  expuls ion 
tanks. 

The LF51 r e a c t i o n  c o n t r o l  system employs the 

Reactants and elements of the  subsystems which a r e  not  requi red  
a f t e r  lunar launch a r e  stowed i n  the  descent  s t a g e ,  and those requi red  
f o r  t h e  launch rendezvous and docking are i n  t h e  ascent  s t age .  .The 
descent  s t age  thus  serves  the  ascent  s t a g e  i n  a manner much l i k e  t h e  
SM s e r v i c e s  the  CM. The major por t ion  of t h e  s c i e n t i f i c  payload is 
s t o r e d  i n  t h e  landing  s t age  and the payload t o  be re turned  t o  e a r t h  is  
p u t  i n  the  a scen t  s t age  cabin. 

The CM and LF51 dock, and t h e  crew t r a n s f e r s  through t h e  t o p  docking 
in t e r f ace .  Extravehicular  and lunar  surface eg res s  is provided by the 
f r o n t  hatch.  

There are forward, upward, and downward viewing windows c lose  t o  
each of t h e  two crew members' eyes. A t h i r d  window is provided above 
t h e  le f t -hand  crew member's head t o  f a c i l i t a t e  docking. 

The p lan  view ( f i g .  2-6) inboard p r o f i l e  of t h e  ascent  s t age  shows 
two crew m e m b e r s  i n  a stand-up pos i t i on  wi th  t h e i r  umbi l ica ls  going 
back t o  t h e  environmental con t ro l  s y s t e m .  Por tab le  l i f e  support  systems 
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(backpacks) have been t r a n s f e r r e d  from the  CM and are stowed ready f o r  
ex t r aveh icu la r  use. The c e n t e r  of g r a v i t y  is  loca ted  very c lose  t o  t h e  
engine t h r u s t  vec to r  by d i s t r i b u t i n g  i n e r t  equipment about it and by 
d i s t r i b u t i n g  r e a c t a n t s  uniformly as we l l .  The 80 pounds s c i e n t i f i c  pay- 
load t o  be returned is loca ted  c lose  t o  t h e  c e n t e r  of g rav i ty .  

The s ide  view ( f ig .  2-7) shows t he  t o p  ha tch ,  f r o n t  h a t c h ,  t h e  two 
backpacks, s c i e n t i f i c  payload, o p t i c a l  a l i g n i n g  t e l e scope ,  i n e r t i a l  
measuring u n i t ,  rendezvous r a d a r ,  high gain antenna and omni VHF antenna. 
The docking drogue is  shown above t h e  top hatch a t  t h e  CM - LEM i n t e r f a c e .  

The t w o  crew members ( f i g .  2-8) s tand e s s e n t i a l l y  e r e c t  a t  t h e i r  
s t a t i o n s .  There is  a minimum of encumberance and t h e y  a r e  a b l e  t o  a t t e n -  
ua t e  t h e  landing impact by body f l e x i n g  with a minimum of c o n s t r a i n t .  

The l e f t  hand crew s t a t i o n  is the f l i g h t  c o n t r o l  s t a t i o n  and t h e  
r i g h t  hand s t a t i o n  is the  systems management s t a t i o n .  The o p t i c a l  a l i n e -  
ment te lescope is  located a t  t he  c e n t e r  l i n e .  

Hand f l i g h t  con t ro l s  and d i sp lays  are provided a t  each s t a t i o n  f o r  
balanced tasks .  The view out each window i s  exceedingly good as a r e -  
s u l t  of t h e  window placement c lose  t o  the a s t r o n a u t ' s  eye p o s i t i o n .  
The docking window is above t h e  l e f t  hand crew member's head. 

COMMUNICATIONS SYSTEM 

The communications links are shown i n  f i g u r e  2-9 f o r  e a r t h ,  CM, 
LEN, and ex t r aveh icu la r  a s t r o n a u t  (EVA). The ea r th - spacec ra f t  l i n k s  a r e  
a l l  S-band. The EVA-LETVI-CM l i n k s  a r e  VHF. The command s e r v i c e  module 
(CSM) provides func t iona l  c a p a b i l i t y  f o r  vo ice ,  t e l e v i s i o n ,  d a t a  -trans- 
mission, da t a  recording,  near  e a r t h  t r a c k i n g  and deep space t r ack ing .  

The L;EM provides  f u n c t i o n a l  c a p a b i l i t y  f o r  vo ice ,  t e l e v i s i o n  (from 
lunar surface on ly ) ,  d a t a  t ransmission (recorded on CSM o r  e a r t h ) ,  and 
t r ack ing  S-band (deep space on ly ) .  

Figure 10 shows how the  communications provides  e s s e n t i a l l y  f i v e  
f u n c t i o n a l  c a p a b i l i t i e s .  Considering CSM first :  

(1) Voice is provided CSM-to-earth, EVA-to-CSM-to-earth, CSM-to- 
LEM and recovery. 

( 2 )  Television i s  provided i n  CSM f l i g h t  a t  320 l i n e s  p e r  fra.Ine, 
10 frames per second. 
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(3)  Data t ransmiss ion ,  a t  51,200 b i t s  pe r  second pulse  code mod- 
u l a t i o n  te lemet ry  system, i s  u t i l i z e d  t o  send approximately 350 d a t a  
samples t o  t h e  ea r th .  
ab l e  f o r  use i n  t h e  event  of a power a m p l i f i e r  f a i l u r e  and r o r  prime 
power conversion. 

A low b i t  r a t e  (1,600 - D i t s  p e r  s e e )  made it avai l -  

(4) For d a t a  recording,  t h e  CSM can record and p l a y  back t h e  CSM 
t e l eme t ry  d a t a ,  both a t  1,600 b i t s / s e c  and a t  51,200 b i t s / s ec ;  it can 
a l s o  record and p l ay  back 1,600 b i t s / s e c  d a t a  received from LEM and 
I;EM/CSM crew members' voices. 
are p r e s e n t l y  i n  use with a maximum record ing  speea of 13 inches p e r  
sec.  ) 

(This i s  a 14 t r a c k  r eco rde r ,  12 t r a c k s  

( 5 )  Tracking is  provided by a ground and spacec ra f t  S-band system 
similar t o  t h e  L-band system used t o  t r a c k  t h e  mariner  spacec ra f t  t o  
Venus. During deep space opera t ions ,  a l l  communications with e a r t h  i n -  
c luding  voice,  t e lemet ry ,  TV, and t r ack ing ,  is done v i a  t h e  S-band system. 

The on-board equipment cons i s t s  of a phase coherent  r e c e i v e r  and 
t r a n s m i t t e r ,  a 20 w a t t  power ampl i f i e r ,  and a 26 dec ibe l  ga in  antenna. 

The LEM communications system is i d e n t i c a l  t o  t h e  C S M ' s  w i th  the  
fol lowing except ions:  

(1) There i s  no recovery voice; however, an EVA can t r ansmi t  t o  
and r ece ive  from e i t h e r  t he  e a r t h  or t he  CSM through LEM r e l ay .  

(2) There is no d a t a  recorder  on LEM; only  voice is recorded and 
t h e  t apes  a r e  re turned.  

( 3 )  TV is t r ansmi t t ed  f r o m  the  luna r  su r face  only  (none i n  f l igh t )  
a f t e r  e r e c t i o n  of a 10 f t  parabol ic  antenna. This approach w a s  adopted 
t o  reduce a scen t  s t age  antenna weight. 



18 

n 0 

< 
< z 
", 

cu 
I cu 
a, z 

rl 
I cu 
a, 

2 

n . 0 

t 

u) 

f 
9 

V1- 

rr\ 
I cu 



. . 

Q 
9 
0 9 

9 

9 

Q, 
k 
3 
M z 

in 
I cu 

w 
9 - 



20 

_ .  



21 

I 
I . -  

3. SPACECRAFT CAPABILITY FOR APOLLO SCIENTIFIC MPERlMENTS 

By John Eggleston 

INTRODUCTION 

"The u l t ima te  ob jec t ive  of P ro jec t  Apollo is t h e  l and ing  of men on 
t h e  moon, observat ion and l i m i t e d  exp lo ra t ion  of t h e  moon i n  the  landing 
area, and safe r e t u r n  t o  ea r th . "  

" In  t h e  design of t he  veh ic l e ,  p rov i s ions  s h a l l  be made f o r  
250 pounds of s c i e n t i f i c  equipment t o  t h e  moon and t h e  r e t i . r n  t o  e a r t h  
of 80 pounds of s c i e n t i f i c  specimens and data .  I t  

These ob jec t ives  and des ign  c r i t e r i a  from t h e  o r i g i n a l  Statement 
of Work f o r  t h e  Apollo s p a c e c r a f t  s e t  t h e  s t a g e  i n  1961 f o r  t h e  i n i t i a -  
t i o n  of  t he  Apollo mission and f o r  those experiments which are c l a s sed  
as s c i e n t i f i c .  The p l an  for providing t h e  c a p a b i l i t y  i n  t h e  spacec ra f t  
t o  c a r r y  t h e s e  experiments i s  the s u b j e c t  of t h i s  r epor t .  Some of t h e  
des ign  considerat ions f o r  t h e  experiments are a l s o  covered. 

SPACE AND WEIGHT DISTRIBUTION 

Ty-pes of Instruments 

I n  o rde r  t o  l a y  t h e  groundwork f o r  space and w e i g h t  d i s t r i b l t i o n  
it is necessary t o  f irst  understand the  t h r e e  ca t egor i e s  of instruments 
t o  be ca r r i ed .  F i r s t ,  t h e r e  are those instruments  which t h e  a s t ronau t s  
w i l l  a c t i v e l y  use only on t h e  luna r  surface.  These a r e  r e f e r r e d  t o  as 
a c t i v e  experiments. Examples of these are geology p i c k s ,  sample con- 
ta iners ,  co r ing  devices  and o the r  hand t o o l s .  Secondly, t h e r e  w i l l  be 
those  experiments which t h e  a s t ronau t  w i l l  set  up, check o i i t ,  p u t  i n t o  
ope ra t ion  and leave on the surface t o  operate  while  he goes about h i s  
o t h e r  d u t i e s  and which, i n  most cases ,  w i l l  cont inue t o  operate  long 
af ter  he  has l e f t  t h e  su r face  f o r  e a r t h  r e tu rn .  These experiments a r e  
c a l l e d  passive.  Examples of these are seismic equipment, meteoroid and 
e jec ta  measuring dev ices ,  r a d i a t i o n  instruments ,  mass spectrometers ,  e t  
cetera. Both t h e  pas s ive  and ac t ive  experiments can be and w i l l  be 
c a r r i e d  i n  t h e  LFM descent  s t a g e  and removed only on t h e  lunar s t z f a c e .  
F i n a l l y ,  t h e r e  i s  a t h i r d  c l a s s  of instruments which r equ i r e s  s e p a r a t e  
p rov i s ions .  These are t h e  instruments which t h e  a s t r o n a u t s  must c a r r y  
i n  t h e  command module and LEM ascent  s t a g e  cockpi ts .  I n  some cases ,  
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such as the cameras and f i l m ,  t hese  instruments a r e  used during t h e  
t r ans luna r  and t r a n s e a r t h  phases of t h e  mission f o r  photographic d a t a  
as w e l l  as on the  lunar surface.  Other equipment such as e x t r a  f i l m ,  
tape f o r  the voice r eco rde r ,  sample con ta ine r s ,  e t  c e t e r a ,  w i l l  be 
c a r r i e d  back t o  e a r t h .  Only t h i s  type of equipment w i l l  be c a r r i e d  i n  
the cockpit .  A l l  o the r  equipment goes i n t o  the  LFM descent  s t a g e  
equipment bay. 

Weight and Volume 

With t h e s e  t h r e e  c l a s s e s  of equipment de f ined ,  a macroscopic look 
a t  t h e  weight and volume d i s t r i b u t i o n  i n  the var ious modules and s t a g e s  
is  given i n  f i g u r e  3-1. Lis t ed  across  t h e  a b s c i s s a  of t h i s  f i g u r e  is  
the weight,  volume, power and telemetry a v a i l a b l e .  L i s t ed  on the  o r -  
d ina t e  a r e  the var ious phases of t h e  mission which apply from e a r t h  
launch t o  lunar  o r b i t ,  du r ing  t h e  luna r  landing,  t h e  l u n a r  launch, and 
the  e a r t h  re turn.  A s  shown i n  f i g u r e  3-1, t h e  command module w i l l  be 
launched with between 40 and 80 pounds s t o r e d  i n  t h a t  module. The r e -  
mainder of t h e  250 pounds of s c i e n t i f i c  payload w i l l  be c a r r i e d  i n  t h e  
LFM descent s tage.  This w i l l  vary between 170 and 210 pounds. To ca r ry  
t h i s  equipment, 3 cu f t  is provided i n  t h e  command module and 15 cii f t  
i n  t h e  LEN descent  s t age .  A t  t h e  p re sen t  t i m e ,  t h e r e  i s  no power o r  
te lemetry ava i l ab le  f o r  t hese  experiments i n  e i t h e r  module. 

Onpe i n  lunar o r b i t  a l l  80 pounds of the equipment i n  t h e  command 
module can be t r a n s f e r r e d  t o  t h e  LEM ascen t  s t age .  However, 20 pounds 
may be l e f t  i n  t h e  command module f o r  photographs o r  experiments from 
o r b i t .  To accommodate t h i s  equipment t r a n s f e r  3 cu f t  is provided i n  
LEM ascen t  s tage.  
w i l l  be ava i l ab le  f o r  s c i e n t i f i c  equipment from t h e  L?3l a scen t  s t age .  
This power is p r i m a r i l y  i n  the form of 28 v o l t  d i r e c t  cu r ren t .  
power w i l l  be used p r i m a r i l y  f o r  d r i l l i n g  equipment and f o r  any l i g h t s  
required f o r  ear th-shine landings.  For t h e  pas s ive  s c i e n t i f i c  equip- 
ment located i n  t h e  LE24 descent  s t a g e  se l f - con ta ined  power and telem- 
e t r y  w i l l  be provided. 

Once on t h e  luna r  su r face  2,400 w a t t  hours of power 

This 

A t  lunar  launch, t he  LEM ascen t  s t a g e  w i l l  be capable of c a r r y i n g  
80 pounds of s c i e n t i f i c  d a t a  o r  l una r  s u r f a c e  samples i n  3 cu f t  of 
volume. Once i n  o r b i t  and rendezvous with t h e  command module i s  
achieved, t h i s  80 pounds may be t r a n s f e r r e d  t o  t h e  command module f o r  
reti irn t o  ea r th .  Any payload l e f t  i n  t h e  command module during t h e  
l u n a r  o r b i t ,  such as a camera, m u s t  be placed i n  t h e  LEM a s c e n t  s t a g e  
and l e f t  i n  l u n a r  o r b i t  p r i o r  t o  e a r t h  r e t u r n  i n  o rde r  t o  accommodate 
only the most valuable  80 pounds of s c i e n t i f i c  d a t a  and samples. 
a d d i t i o n a l  volume w i l l  be a v a i l a b l e  i n  both t h e  IEM a s c e n t  s t a g e  and 
command module during the  l a t e r  phases of t h e  mission. Storage com- 
partments which normally c a r r y  the  d i sposab le s  such as food and l i t h i u m  

Some 
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hydroxide cann i s t e r s  w i l l  provide t h i s  space; hence,  3+ cu f t  a r e  a v a i l -  
ab l e  i n  these  two modules, as ind ica ted  i n  f i g o r e  3-1. 

Storage Compartments 

I n  f i g u r e  3-2 t h e  s c i e n t i f i c  equipment s to rage  compartments i n  t h e  
lunar excursion module (m) are i l l u s t r a t e d .  I n  t h e  a scen t  s t age  ap- 
proximately 3 cu f t  i s  available. A t  l e a s t  2 cu f t  of t h a t  space is 
a v a i l a b l e  on the  l e f t -hand  equipment bay d i r e c t l y  behind t h e  crew com- 
partment a s  i l l u s t r a t e d  i n  t h i s  f igure .  The remaining 1 cu f t  has not  
been s p e c i f i c a l l y  loca t ed  a t  t h i s  t i m e .  I n  t h e  I;EM descent  s t age  
15 cu f t  i s  a v a i l a b l e  i n  a compartment on t h e  l e f t  r e a r  s i d e  of t h e  
s tage .  Ac tua l ly ,  t h i s  volume is broken up i n t o  two compartments. One 
compartment is f o r  pass ive  s c i e n t i f i c  experiments,  t he  o the r  compart- 
ment f o r  t h e  a c t i v e  experiments. I n  each compartment t h e  cover i s  re- 
movable, t h e  experiments w i l l  be a t tached  t o  racks which w i l l  s l i d e  ou t ,  
t he  a c t i v e  s c i e n t i f i c  experiments w i l l  be s t rapped  down on these  r acks ,  
t h e  pass ive  s c i e n t i f i c  experiments w i l l  be a t t ached  a s  modules. It is  
a n t i c i p a t e d  t h a t  access  on the  launch pad w i l l  be a v a i l a b l e  f o r  t h e s e  
experiments up u n t i l  e i g h t  hours from k.1JnCh. However, t h i s  access  
w i l l  be used spa r ing ly  f o r  module replacement i n  case of f a i l u r e  p r i o r  
to launch. A mockup of t hese  compartment volumes w i l l  be a v a i l a b l e  soon. 

The s c i e n t i f i c  equipment s to rage  compartments i n  t h e  command module 
are i l l u s t r a t e d  i n  f i g u r e  3-3. This f i g u r e  shows t h e  volume which is 
a v a i l a b l e  f o r  spacec ra f t  used f o r  e a r l y  o r b i t a l  f l i g h t s .  Although t h e  
figure shows something over 7 cu f t  of volume, it should be emphasized 
t h a t  t h i s  volume is  a v a i l a b l e  only dur ing  the  e a r l y  o r b i t a l  f l i g h t .  
For t h e  l u n a r  mission only 3 cu f t  w i l l  be ava i l ab le .  This volume has 
n o t  been des igna ted  a t  t h i s  t i m e ;  however, it w i l l  be made compatible 
i n  both s i z e  and shape wi th  the  3 cu f t  of volume i n  t he  I;EM ascen t  
stage. 

This compa t ib i l i t y  of volume is t h e  s u b j e c t  of f i g u r e  3-4. L i s t ed  
i n  t h i s  f i g u r e  a r e  f o u r  s epa ra t e  a r e a s  r equ i r ed  f o r  t he  items t o  be 
t r a n s f e r r e d  between modules. For the sample r e t u r n  conta iners  a t  l e a s t  
2.2 cu f t  of r ec t angu la r  volume is required.  This compartment must be 
capable  of ca r ry ing  80 pounds of weight. The s t i l l  camera and acces-  
s o r i e s  such as t h e  l e n s ,  f i l t e r s ,  and handle w i l l  t ake  up 0.4 cu f t  and 
w i l l  r equ i r e  about 8 pounds. Extra  f i l m  f o r  t h i s  camera and t h e  t ape  
f o r  t h e  I;EM recorder  w i l l  r equi re  about 0.1 cu f t  and an a n t i c i p a t e d  
weight  of 2 pounds. A sequence camera not  chargeable t o  t h e  s c i e n t i f i c  
payload w i l l  be c a r r i e d  i n  a fou r th  a r e a  along wi th  i ts  f i l m  and acces-  
s o r i e s  and will r e q u i r e  about 0.3 cu f t  and w i l l  weigh about 8 pounds. 
Although it may be noted t h a t  the  sum of t hese  weights exceeds t h e  



24 

I 

I 

I 
I 
I 
I 
I 

I 
I 
I 

I 80 pounds allowable i n  t h e  design,  it should be emphasized t h a t  t hese  
compartments m u s t  be designed t o  c a r r y  t h i s  weight ,  but t h a t  t h e  t o t a l  
weight t o  be c a r r i e d  w i l l  be only 80 pounds. 

Sample Containers 

Some a d d i t i o n a l  d e s c r i p t i o n  of t he  l u n a r  su r face  sample con ta ine r s  
is  i n  order.  These con ta ine r s  should be s t e r i l i z e d  and designed f o r  
pressure d i f f e r e n t i a l  of l k .7  p s i .  P r i o r  t o  the  mission, t hese  contain-  
e r s  w i l l  be s t e r i l i z e d ,  evacuated, and sea l ed  a t  MSC. They w i l l  be 
c a r r i e d  t o  the  moon i n  the LFM ascen t  s t a g e  and c a r r i e d  out on the luna r  
su r face  i n  a s e a l e d  condition. On t h e  luna r  su r face  they w i l l  be opened 
and small  individual  numbered bags,  packing m a t e r i a l ,  and po r t ab le  ca r -  
ry ing  case w i l l  be removed from these  containers .  The con ta ine r s  w i l l  
be l e f t  open u n t i l  samples i n  t h e  ind iv idua l  bags a r e  p l ace  i n  the con- 
t a i n e r ,  packing p u t  i n  f o r  f i l l ?  and t h e  con ta ine r  resealed.  Af t e r  
s e a l i n g ,  the con ta ine r s  a r e  pu t  back i n  the  L F M  a scen t  s tage.  Following 
luna r  launch and rendezvous with the command module, t h e s e  con ta ine r s  
a r e  t r a n s f e r r e d  t o  the  command module and a r e  s to red  t h e r e  throiighout 
t he  t r a n s e a r t h ,  e a r t h  r e e n t r y ,  and landing phases of t he  mission. The 
containers  w i l l  then be c a r r i e d  t o  a sample t r a n s f e r  f a c i l i t y  and opened 
i n  a s t e r i l e  vacuum chamber he re  a t  ea r th .  Although it is obvious t h a t  
f o r  pressurized con ta ine r s  a c y l i n d r i c a l  or s p h e r i c a l  shape woiild be 
more d e s i r a b l e ,  s p a c e c r a f t  design cons ide ra t ions  i n d i c a t e  t h a t  r ec t an -  
gu la r  shapes w i l l  provide more optimum s t o r a g e  condi t ions.  

Lis ted i n  f i g u r e s  3-?(a)  amd 3-5(b)  a r e  t y p i c a l  payload breakdowns 
of the s c i e n t i f i c  equipment c a r r i e d  on a t y p i c a l  mission. Lis ted i n  
f i g u r e  3-5(a) a r e  both the equipment which is  s t o r e d  i n  t h e  LEN a s c e n t  
s t age  and the a c t i v e  experiments c a r r i e d  i n  t h e  LEM descen t  s t age .  The 
l i s t  i nd ica t e s  t h a t  t h i s  equipment t o t a l s  about 100 pounds. L i s t ed  i n  
f i g u r e  3 -5 (b )  a r e  the  t y p i c a l  equipments which would c o n s t i t u t e  t h e  
passive experiments. It should be noted t h a t  f o r  a t o t a l  weight of 
l 5 O  pounds the power supply and i t s  t e l eme t ry  a r e  expected t o  r e q u i r e  
about 80 pounds of t h i s  t o t a l  weight. For experiments which r e q u i r e  
power f o r  only one week o r  s o ,  b a t t e r i e s  o r  f u e l  c e l l s  could be 
used. However, most experiments w i l l  be operated f o r  six months t o  a 
year ,  and for  t h i s  purpose, r ad io i so tope  sources  producing about 25 
wat t s  w i l l  be provided. It may be noted t h a t  a t e l e m e t r y  antenna has  
not been included i n  t h i s  weight s i n c e  it i s  expected t h a t  t e l eme t ry  
equipment w i l l  share  t h e  antenna t o  be used f o r  t h e  o p e r a t i o n a l  i n s t r u -  
ments on the luna r  surface.  This antenna w i l l  be l e f t  on the  luna r  
su r face  when t h e  LEM ascen t  s t a g e  is launched. 
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I n  t h e  Mercury program experiments w e r e  an a f t e r t h o u g h t  i n  a space- 
c r a f t  not s p e c i f i c a l l y  designed t o  c a r r y  them. I n  o rde r  t o  use a camera 
o r  some instrument i n  f l i g h t ,  each had t o  undergo a very r i g o r o m  set  of 
tes ts  known as " f l i g h t  q u a l i f i c a t i o n . "  These t e s t s  made c e r t a i n  t h a t  
t h e  experiment would not  explode i f  t h e  cabin were suddenly depressur- 
ized, o r  would no t  c r e a t e  a n  e l e c t r i c a l  dis turbance t o  t h e  s p a c e c r a f t  
instruments,  o r  spark o r  g ive  o f f  noxeous gases, e t  c e t e r a .  Furthermore, 
s i n c e  it w a s  necessary t o  expend a g r e a t  d e a l  of t r o u b l e  and expense t c  
f l y  these  instruments ,  assurance was sought t h a t  t hey  would work i n  the 
environment t o  which t h e y  would be exposed. To v e r i f y  t h i s ,  many so-  
c a l l e d  proof tests - a se t  of tests t o  prove t h e  instrument works a f t e r  
it is subjected t o  a launch and space environment - were performed. 
Since Mercury experiments were never ve ry  s o p h i s t i c a t e d ,  t he  experiments 
were allmred t o  be r e t r c f i t t e d  t o  the spacec ra f t  a t  t h e  launch area.  

This concept changed with t h e  Gemini Program. The White Room con- 
c e p t ,  where f i n a l  assembly and checkout of t h e  s p a c e c r a f t  t a k e s  p l ace  
i n  a very clean room a t  t h e  manufactLrer's p l a n t ,  w a s  introduced. This 
concept required t h a t  t h e  experiment be approved and f i t t e d ,  or a t t a c h e d ,  
t o  t h e  s p a c e c r a f t  a t  t h e  manufacti.rer's p l a n t  a t  least a yea r  before  t h e  
launch date.  This has forced some very tight schedu les ,  t o  which the  
Gemini experimenters can w e l l  t e s t i f y .  As with Mercury, t h e  Gemini 
spacec ra f t  w a s  not  designed with s c i e n t i f i c  experiments i n  mind. The 
success o r  f a i l u r e  of t h e  mission does not depend on t h e  success o r  
fa i lure  of any one experiment. Apollo is  d i f f e r e n t .  Experiments a r e  
ve ry  much a p a r t  of t h e  mission, and wi th  t h i s  p r i v i l e g e  comes the  re- 
s p o n s i b i l i t y  of s ee ing  t h a t  these experiments operate  i n  t h e  l u n a r  
environment apd t h a t  t hey  do no t  endanger the  s p a c e c r a f t  o r  t h e  l i f e  of 
t he  a s t ronau t .  It is  going t o  t a k e  every b i t  of t i m e  from now u n t i l  
t h e  Saturn l i f t s  o f f  a t  t h e  Cape t o  achieve t h i s  object ive.  One way of 
looking a t  it is t h a t  experiment planning i s  a l r e a d y  two tc tkree Tears 
behind t h e  s p a c e c r a f t  designers .  

I n  f igure 3-6 a schedule i s  shown f o r  some of t h e  long lead-time 
experiment hardware such as may be required f o r  t he  pas s ive  experiments. 
O f f i c i a l l y ,  t h e  f i rs t  l u n a r  landing mission occurs be fo re  t h e  end of t h e  
decade. Obviously, experiments have t o  be prepared t o  go before  t h a t .  
For t h i s  reason, f l i g h t  q u a l i f i e d  hardware should be ready by January 1, 
1969. This launch d a t e  is purely f i c t i t i o u s ;  it simply e s t a b l i s h e s  an 
end point .  I n  o rde r  t o  meet such a launch date,  t h e  s tar t -program be- 
ginning must be made by June 1964. 

During t h e  next s i x  months, breadboard models should be prepared 
and a go-ahead received from Office of Space Science and Applicat ions 
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(OSSA) by t h e  end of t he  calendar  year ,  1964. 
arrangement w i l l  be f o r  a prototype model s t a r t i n g  i n  January 1965. 
This model w i l l  be f u n c t i o n a l  and w i l l  provide f i e l d  tests f o r  s c i en -  
t i f i c  evaluat ion.  A t  t h i s  p o i n t ,  all changes such as inc reas ing  s i z e  
of knobs or  f u n c t i o n a l  uses required f o r  t h e  a s t r o n a u t  and f o r  the 
s c i e n t i f i c  requirements must be made. During the  two and one-half 
months allowed f o r  s c i e n t i f i c  eva lua t ion ,  pre-design of a p r o o f - t e s t  
model w i l l  occur. Following t h e  s c i e n t i f i c  eva lua t ion  of t he  prototype 
model, the p r o o f - t e s t  model w i l l  go i n t o  f a b r i c a t i o n .  Final-assembly 
acceptance tests and environmental t e s t s  w i l l  be made. 
p roo f - t e s t  models w i l l  be required both f o r  s c i e n t i f i c  t r a i n i n g ,  f o r  
MSC approval and f o r  d e l i v e r y  t o  t h e  manufacturer t o  a s c e r t a i n  compati- 
b i l i t y  w i t h  t he  spacec ra f t .  During t h e  f i n a l  s t a g e s  of t he  environ- 
mental t e s t s ,  t h e  f l i g h t  model hardware w i l l  go i n t o  f i n a l  engineering. 
Three f l i g h t  t e s t  models w i l l  be required.  The f i r s t  of  t hese  models 
w i l l  be completely q u a l i t y  t e s t e d .  The second model w i l l  be t h e  primary 
f l i g h t  a r t i c l e ,  t h e  t h i r d  model w i l l  be the backup. The f l i g h t  and 
backup models w i l l  be de l ive red  t o  t h e  Cape t h r e e  months before  t h e  
a n t i c i p a t e d  launch da te .  It should be emphasized t h a t  t h i s  t y p i c a l  
schedule i s  t h a t  required f o r  t h e  more complicated passive s c i e n t i f i c  
equipment. For more simple equipment such as t h e  hand t o o l s ,  less 
s t r i n g e n t  schedules w i l l  be imposed. 

The f i r s t  c o n t r a c t u a l  

A number of 

DESIGN CRITERIA 

In  a g r e a t l y  s i m p l i f i e d  form, some t y p i c a l  environmental  des ign  
c r i t e r i a  can be l i s t e d .  The equipment t o  be s t o r e d  i n  t h e  crew area 
must be designed t o  survive temperatures from 40" t o  140" F. 
equipment s to red  i n  t h e  outs ide must survive temperature ranges from 
-250" t o  +200" F. These temperature ranges,  of course,  exclude t h e  
h ighe r  temperatures obtained during e a r t h  launch and r een t ry .  The 
v i b r a t i o n a l  no i se  and b u f f e t  loads w i l l  be very h i g h ,  and s p e c i f i c  
environments w i l l  be given t h e  con t r ac to r s .  The a c c e l e r a t i o n  t e s t s  must 
show t h a t  the equipment can survive 6g f o r  140 seconds. Although t h e  
a c t u a l  a c c e l e r a t i o n  w i l l  peak a t  6g d u r i n g  e a r t h  launch, t hese  design 
condi t ions require tes t s  f o r  140 seconds. For t h a t  equipment t h a t  
must survive t h e  r e e n t r y  loading,  a t e s t  cond i t ion  of 2Og f o r  120 sec -  
onds is required.  Shock loading f o r  equipment du r ing  l u n a r  landing w i l l  
r e q u i r e  14g tests.  For t h a t  equipment which must su rv ive  e a r t h  l and ing ,  
78gk is  required.  I n  t h e  cockpi t  of t h e  s p a c e c r a f t  t h e  humidity l e v e l  
of approximately 95 percent  with f r e e  moisture with abo::t a 5 percen t  
s a l t  content from p e r s p i r a t i o n  must  be survived.  The cabin atmosphere 
w i l l  be pure oxygen a t  3 p s i .  De ta i l ed  des ign  c r i t e r i a  are a v a i l a b l e  
and will be given out t o  the con t r ac to r s  f o r  hardware. 

That 



SUMMARY 

I - -  

Some of t h e  p r i n c i p a l  p o i n t s  made i n  t h i s  t a l k  are l i s t e d  i n  review. 
Both a c t i v e  and passive experiments w i l l  be c a r r i e d  i n  t h e  s c i e n t i f i c  
payload. The pass ive  experiments w i l l  be self  -contair,ed with power 
and telemetry.  Most equipment w i l l  be c a r r i e d  i n  t h e  L;EM descent  s tage.  
Provis ion is  being made f o r  t h a t  equipment which must be c a r r i e d  i n  t h e  
LE24 ascen t  s tage.  There w i l l  be on-the-pad access  t o  t h e  equipment i n  
the  LE24 descent  s tage.  Two compartments w i l l  be provided i n  the  LEM 
descent  s tage.  One modular f o r  the a c t i v e  experiments and t h e  o t h e r  
i n t e g r a l  f o r  t h e  pas s ive  experiments. The command module and t h e  LEM 
ascen t  s t a g e  compartments w i l l  be compatible f o r  t r a n s f e r  of equipment. 
Provis ion w i l l  be made i n  t h e  command module f o r  i n - f l i g h t  experiments 
du r ing  e a r t h  o r b i t a l  and build-up f l i g h t s .  

CONCLUSL ON 

What has  been given i n  t h i s  p re sen ta t ion  is a ve ry  quick and gen- 
e ra l  d e s c r i p t i o n  of t he  payload provisions.  There are a t  MSC a small, 
competent group of t e c h n i c a l  people i n  t h e  var ious sc i ences  involved 
i n  t h e  Apollo mission. Some of  them are teaching t h e  a s t r o n a u t s  geology 
and geosciences. Others are i n  geochemistry, r a d i a t i o n ,  meteoroids, 
l u n a r  atmospheres, geodet ics ,  and cartography. These people a r e  here  
t o  h e l p  i n  developing experiments and t o  provide t h e  t e c h n i c a l  assist-  
ance i n  g e t t i n g  these  experiments onboard t h e  s p a c e c r a f t .  This cen te r  
has a p o l i c y  of providing t e c h n i c a l  monitors f o r  each experiment t o  be 
flown i n  a manned spacec ra f t .  One of t hese  people w i l l  be ass igned and 
will follow each p a r t i c u l a r  experiment from concept t o  c m p l e t i o n  t o  
d a t a  de l ive ry .  They will be responsible  f o r  s ee ing  t h a t  t h e  experiment 
i s  ready, t h a t  t he  protot.ype and proof t e s t  equipment is received a t  
MSC f o r  proper t r a i n i p g  of t h e  a s t ronau t s  i n  i t s  use,  and tl;at t h e  
f l i g h t  hardware is i n t eg ra t ed  with t h e  res t  of t h e  experiments f o r  
f l i g h t  and p rope r ly  s to red  aboard t h e  spacec ra f t  i n  ope ra t ing  ccndi t ion.  

S t u d i e s ,  breadboard models, and prototypes of many of t h e  p o t e n t i a l  
experiments are a l r eady  underway both he re  a t  MSC and under con t r ac t  t o  
industry.  Funds f o r  t hese  s tud ie s  come from t h e  Manned Space Sciences 
Div i s ion  of t h e  OSSA. The decis ions as t o  which experiments are f i n a l l y  
flown rests with t h e  s c i e n t i f i c  community and s e v e r a l  committees wi th in  
NASA. Regardless of t h e  choice,  eve ry  attempt w i l l  be made t o  provide 
t h e  space,  w e i & t  and t r a i n i n g  f o r  t h e s e  experiments w i t h i n  t h e  con- 
s t r a i n t s  s e t  by t h e  Apollo Program Of f i ce  and t o  provide t h e  t e c h n i c a l  
monitoring of t hese  experiments on an ind iv idua l  and i n t e g r a t e d  basis .  
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4. LUNAR SURFACE ACTIVITIES 

By C u r t i s  C. Mason and E l b e r t  A. King, Jr. 
I ' -  

INTRODUCTION 

S c i e n t i s t s  concerned with the exp lo ra t ion  of t h e  moon are i n t e r -  
ested i n  t h e  a c t u a l  t i m e  spent  on t h e  l u n a r  s u r f a c e ,  and how it can 
b e s t  be u t i l i z e d  f o r  exp lo ra t ion ,  c o l l e c t i o n  of samples, and general  
s c i e n t i f i c  i nves t iga t ion .  There is s t i l l  some leeway i n  t h e  exact  
number of hours t h a t  can be spen t  on t h e  luna r  surface.  Various authors  
have assumed a 24-hour s t a y  t i m e  on t h e  luna r  s u r f a c e ,  b u t  with t h e  
p re sen t  systems c a p a b i l i t i e s  of the LEN, it could have a separated l i f e -  
t i m e  of approximately 48 hours. 
f o r  making t h e  rendezvous and docking maneuver i n  l u n a r  o r b i t  a f t e r  the  
a s c e n t  s t a g e  has l e f t  t h e  s u r f a c e ,  b u t  t h i s  w i l l  no t  be more than a f e w  
hours. 

Some contingency t i m e  must be allowed 

TYPICAL 35-HOUR STAY TIME 

A t y p i c a l  mission might provide a 35-hour s t a y  t i m e  on t h e  l u n a r  
s k r f a c e ;  however, only a p o r t i o n  of t h i s  t i m e  i s  a v a i l a b l e  f o r  s c i en -  
t i f i c  explorat ion.  Some of t h e  chief c o n s t r a i n t s  are human f a c t o r s  
such as s l e e p  requirements. Some of t he  c o n s t r a i n t s  now used as ground 
r u l e s  are l i s t e d  i n  f i g u r e  4-1. If touchdown on t h e  l u n a r  su r face  
occurs  a t  t i m e  "0" with launch of t h e  a scen t  s t a g e  35 hours l a te r ,  it 
is l i k e l y  t h a t  t h e  t i m e  spen t  on the  luna r  su r face  m i g h t  be u t i l i z e d  
i n  a manner s i m i l a r  t o  t h a t  shown i n  f i g u r e  4-1. 

The f i rs t  approximately 90 minutes may be spent  i n  LEN checkout. 
It is  most important from a systems and personnel  s a f e t y  viewpoint t o  
f i n d  ou t  whether o r  no t  t h e  LEM has been damaged i n  landing,  and whether 
t h e  a s c e n t  s t a g e  can be launched wi th  a nominal checkout sequence. 

Large per iods of t i m e  on the l u n a r  s u r f a c e  must be devoted t o  
1 s l e e p ,  approximately 1% hours.  

t i m e  on t h e  luna r  su r face  must be spen t  s l eep ing ,  bu t  i f  the  c o n s t r a i n t s  
l i s t e d  i n  f i g u r e  4-1 are t o  be followed, t h i s  amount of s l e e p  t i m e  i s  
required.  

It is  unfortunate  t h a t  s o  much of t h e  



Following t h e  cu r ren t  s e t  of c o n s t r a i n t s ,  a 35-hour luna r  su r face  
s t a y  time allows f o r  fou r  excursions on the  l u n a r  su r face  of 3 hours 
each, a t o t a l  of 12 man-hours. The l eng th  of t h e  ind iv idua l  excursions 
i s  con t ro l l ed  c h i e f l y  by the  l i f e t i m e  of t he  personnel l i f e  support  
system (PLSS) o r  "backpack." 
but one hour i s  allowed as a contingency f a c t o r .  The time spacing of 
t h e  excursions i s  p a r t i a l l y  r egu la t ed  by t h e  recharge time of t h e  PLSS 
u n i t s ;  6 hours a r e  required t o  f u l l y  recharge one backpack and only 
one backpack can be recharged a t  a t ime. 

These u n i t s  now have a l i f e t i m e  of 4 hours ,  

Other s h o r t  per iods of time i n  t h e  l u n a r  s t a y  time per iod ( f i g .  4-1) 
a r e  a l l o t e d  t o  s t a t u s  b r i e f s ,  d a t a  a n a l y s i s ,  and systems checkout p r i o r  
t o  launch. During these  per iods the  a s t r o n a u t s  on t h e  moon would ex- 
change e s s e n t i a l  information with the  mission c o n t r o l  c e n t e r  a t  MSC and 
advise  the  c o n t r o l  cen te r  of the s t a t u s  of t he  LEN and t h e  a s t ronau t s .  

Immediately a f t e r  touchdown on t h e  l u n a r  su r face  and t h e  checkout 
of t h e  LEM, p r i o r  t o  the f i r s t  excursion,  t h e  a s t r o n a u t s  might desc r ibe  
the exhaust e f f e c t s  on the  su r face  by t h e  r e t ro - rocke t  i n  t h e  descen t  
s t ape .  This d e s c r i p t i o n  could include t h e  s i z e  and d e n s i t y  of p a r t i c l e s  
thrown up by 
stuck t o  the LEN, how f a r  e j e c t a  were thrown, and how lone t h e s e  e f f e c t s  
p e r s i s t e d .  The a r e a  v i s i b l e  from the  UDl window-, 'i,~l 3 I 1"0°, 
should be photographed, landmarks noted and recorded,  and t h e  a s t r o n a u t s  
should attempt t o  determine e x a c t l y  where on the  liinar su r face  t h e y  have 
landed. This may be a considerable  problem, b u t  it i s  hoped by t h e  t i m e  
of a manned luna r  l a n d i n r ,  photomosaics of t h e  landing s i t e  w i l l  be 
a v a i l a b l e  on which t h e  a s t ronau t s  can l o c a t e  themselves. The a s t r o n a u t s  
w i l l  a l s o  make such changes i n  t h e i r  exp lo ra t ion  p l ans  as a r e  d i c t a t e d  
by l o c a l  topography, geology, o r  o the r  landing s i t e  condi t ions as v i s -  
i b l e  from the LEM. 

the exhaust ,  whether o r  not  any of t h i s  m a t e r i a l  a c t u a l l y  

A POSSIBLE TYPICAL MISSION ON LUNAR SURFACE 

With the eg res s  of t he  f i r s t  a s t r o n a u t ,  t h e  f i r s t  excursion w i l l  
begin. The f i r s t  few minutes on t h e  su r face  w i l l  be spen t  i n  d e t e r -  
mining t h e  nature of the su r face  and how w e l l  t h e  a s t r o n a u t  w i l l  be 
able t o  move about on it. The a s t r o n a u t  w i l l  i n s p e c t  t h e  LEN t o  s e e  
if it has been damaged in  landing. The f i e l d  of view of t he  LE24 i s  
ind ica t ed  by t he  a r e a  t o  t h e  r i g h t  of t h e  v e r t i c a l  l i n e  i n  f i g u r e  4-2. 
A t  t h i s  t ime, i t  is  presumed t h a t  almost a l l  of t h e  a c t i v i t i e s  of t h e  
a s t r o n a u t  on t h e  su r face  outs ide t h e  I,EM w i l l  be confined t o  t h i s  area. 
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Second Excurs ion 
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F i r s t  Excursion 

A t  t h e  beginning of t he  f i rs t  excursion,  t h e  a s t ronau t  w i l l  t ake  
the  exp lo ra t ion  equipment from t h e  LEM s to rage  bays which have outs ide  
hatches.  The t e l e v i s i o n  camera w i l l  be removed from i t s  s t o r a g e  pos i -  
L ; o i i ,  t h e  te lemet ry  antenna set up, and the  a s t ronau t  w i l l  pan the  l u n a r  
horizon and sur face .  He may focus on any f e a t u r e s  of i n t e r e s t  wi th  t h e  
TV camera f o r  real- t ime t ransmission t o  t h e  mission c o n t r o l  center .  The 
TV camera could then be placed i n  a bracke t  on a l e g  of t h e  I;EM i n  proper  
o r i e n t a t i o n  t o  monitor t h e  a r e a  t o  be covered by t h e  f i r s t  t r ave r se .  
There i s  no requirement f o r  t he  as t ronaut  t o  t r a n s p o r t  a TV camera with 
him on the  t r a v e r s e .  

L. 

Taking t h e  hand t o o l s  t h a t  he p rev ious ly  removed from t h e  equipment 
bays, t he  a s t ronau t  would then begin t h e  f i rs t  t r a v e r s e  ( f i g .  4-2). 
Along t b i s  xras-erse C e  zstrcnaut ; y . i l l  co l lecx  s a i ~ k s ,  recrrd say o l e  
o r i e n t a t i o n ,  and record geologic p o s i t i o n  and selenographic  p o s i t i o n  of 
samples taken. He w i l l  take photograpl-s of f e a t u r e s  of s c i e n t i f i c  
i n t e r e s t .  Perhaps he w i l l  deploy geophones a t  r e g u l a r  i n t e r v a l s  i n  
order  t o  conduct a seismic experiment by s t r i k i n g  the  g~-sur_d as a SoLTCe 
of se i smic  energy or  poss ib ly  deploy very  small explosive squ ibs  l o r  
l a t e r  explosion. If geophones a r e  deployed and a seismic experiment 
i s  conducted, t he  a s t ronau t  should make t h e  f i rs t  l e g  of t h e  t r a v e r s e  
i n  as straight a l i n e  a s  p o s s i b l e ,  a s s i s t e d  i n  h i s  d i r e c t i o n  by the  
a s t ronau t  i n  t h e  UM. The s t r a i g h t  l e g  of t h e  t r a v e r s e  m i a t  be con- 
t i nued  u n t i l  t he  a s t ronau t  i s  approximately 1,000 f e e t  from t h e  LEM, 
a t  which p o i n t  it might be des i r ab le  t o  make angular  measurements on 
landmarks f o r  t r i a n g u l a t i o n  purposed t o  more a c c u r a t e l i  l o c a t e  t h e  LEM 
on t h e  surface.  Such measurements might be made on both t r a v e r s e s ,  I 
and 11, as w e l l  as near  t h e  LEN. The r o u t e  followed back t o  t h e  LlDl 
should be i r r e g u l a r ,  t ak ing  advantage of t he  topography and t h e  b e s t  
sample-colle c t i n g  a reas .  

The r e t u r n  p a r t  o f t h e  t r ave r se  should be p r imar i ly  f o r  t he  pur-  
pose of c o l l e c t i n g  samples, observing luna r  sur face  s t r u c t u r e ,  t a k i n g  
photographs,  e t  c e t e r a ,  and should be i n  the  approximate p o s i t i o n  i n -  
d i ca t ed  i n  f i g u r e  4-2. The as t ronaut  who has been on t h e  su r face  f o r  
t h e  f i rs t  excursion w i l l  i ng res s  i n t o  t h e  LEM and exchange p laces  wi th  
t h e  man who has remained i n  the  LEM dur ing  t h e  f irst  excursion.  

The eg res s  of t h e  second as t ronaut  w i l l  begin the  second excursion. 
This man w i l l  go t o  the  equipment bays and remove t h e  instrument  pack- 
ages  and deploy these  packages. These packages w i l l  have t o  be connected 
t o  t h e  t e l eme t ry  antenna o r  provide t h e i r  own antenna and power si>pply. 



34 

These w i l l  mostly be passive packages containing such instruments as 
r a d i a t i o n  monitors,  seismometers, and o the r  instruments t h a t  a r e  de- 
signed t o  func t ion  i n  the  l u n a r  environment long a f t e r  t he  a s t ronau t s  
have l e f t  the surface.  The a s t r o n a u t  should change t h e  o r i e n t a t i o n  of 
the monitoring TV camera t o  cover t h e  a r e a  of t h e  second t r a v e r s e ,  and 
begin t h e  second t r a v e r s e  performing t h e  same t a s k s  as on t r a v e r s e  I ,  
with t h e  f i r s t  l e g  a t  approximately 90" t o  t he  l i n e  of t h e  f i rs t  leg 
of t r a v e r s e  I. A f t e r  r e t u r n  t o  t h e  LEM from the  second excursion,  t h e  
f irst  s l e e p  per iod w i l l  begin. A t  t h i s  t i m e  both a s t ronau t s  w i l l  have 
had consecutive three-hour excursions on t h e  Lunar surface.  

Third Excurs ion 

During t h e  s l e e p  cyc le ,  t he  mission c o n t r o l  c e n t e r  can monitor t h e  
t e l eme t ry  from t h e  instrument packages emplaced by t h e  a s t r o n a u t  on the  
second excursion t o  s e e  t h a t  t hey  are performing c o r r e c t l y .  A t  t h e  end 
of t h e  s l e e p  cyc le ,  t he  t h i r d  exciirsion begins with t h e  eg res s  of t h e  
a s t r o n a u t ,  changing the  o r i e n t a t i o n  of t h e  monitoring TV camera t o  cover 
the a r e a  of t h e  t r a v e r s e ,  and beginning t h e  t h i r d  t r a v e r s e  i n t o  the area 
between t h e  i i r s t  and second traverses.  The purpose o f  ih is  t raverse  
( f i g .  4-2) would be t h e  geoLoi;ic and physiograpl i c  d e s c r i p t i o n  of t h e  
a rea  coverea, c o l l e c t i o n  of samples, and photograpliy o€ i n t e r e s t  i n ( ;  
f e a t u r e s .  1 J i t l - i  t h e  conclusion of t h e  t h i r d  t r a v e r s e ,  the cistronuuts 
should have completed a compr6hensive geologic f i e l d  i n v e s t i  :,itim of 
most of t he  a r e a  e a s i l y  v i s i b l e  Yrom tlle I;ETvI windows w i t h i n  1,000 f e e t  
of t h e  MM. Die a s t r o n a u t  w i l l  r e t u r n  t o  the  LEM a f t e r  t h r e e  hoiirs 
and exchan e p laces  with t h e  o t h e r  as t rona,I t .  

Fourth Excursion 

Excursion I V  might be t o  some nearby f e a t u r e  of s p e c i a l  i n t e r e s t  
such as a small c r a t e r ,  volcanic  cone, rock outcrop,  l a r g e  p i eces  of 
e j e c t a ,  e t  cetera .  This f e a t u r e  may, o r  may n o t ,  be i n  p a r t  of t h e  
a r e a  previously explored. On t h i s  excursion t h e  a s t r o n a u t  would de-  
s c r i b e ,  photograph, and sample t h e  f e a t u r e  i n  g r e a t  d e t a i l .  Upon t h e  
a s t r o n a u t ' s  r e t u r n  t o  t h e  v i c i n i t y  of t h e  LEM, he should move t h e  i n -  
strument te lemetry antenna t o  a l o c a t i o n  f a r  engough from t h e  LEM S O  

t h a t  t he  rocket  exhaust during launch of t h e  a s c e n t  s t a g e  w i l l  no t  
a f f e c t  i t s  operation. The a s t r o n a u t  would then ing res s  i n t o  t h e  WM 
t a k i n g  wi th  him the encapsulated samples and f i l m  packs from t h e  camera, 
and stow these i n  t he  space provided. The a scen t  s t a g e  would then  be 
checked ou t  f o r  launch. 
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EXPLOWTION TRAVERSE EQUIPMENT 

To h e l p  the  a s t ronau t s  accomplish a l l  of t h e i r  t a s k s  of s c i e n t i f i c  
i n v e s t i g a t i o n  on t h e  lunar su r face ,  t hey  must have a v a i l a b l e  a number 
of s m a l l  ins tmments  and t o o l s .  Some of t h e  eq.di;;nent t h a t  mi&t be 
d e s i r a b l e  is l i s t e d  i n  figure 4-3. The pressure-sui ted a s t r o n a u t  i l l u s -  
t r a t e d  i n  figilre 4-3 w i l l  a l s o  be wearing a thermal garment over t h e  
t o p  of t h e  press'ure s u i t ,  and it is obvious t h a t  h i s  mGbility and dex- 
t e r i t y  w i l l  be r a t h e r  l imi t ed .  The 12 items of equipment l i s t e d  as 
d e s i r a b l e  f o r  t h e  a s t ronau t  t o  c a r r y  on explorat5on t r a v e r s e s  would 
f u r t h e r  hamp-er t h e  mob i l i t y  of the a s t ronau t .  Every e f f o r t  must be made 
t o  combine v a r i o s  t o o l s  and equipment, o r  design t b e m  i n  s,:ch a way 
t h a t  t hey  i n t e r f e r e  with t h e  movements of t h e  a s t ronau t  as l i t t l e  as 
poss ib l e .  "he items l i s t e d ,  i f  each were c a r r i e d  s e p a r a t e l y ,  would be 
a cumbersome load f o r  a man without a pressure s u i t .  Redesign of a l -  
most a l l  of t h i s  equipment w i l l  be required.  

Geological Instrwnents 

A normal g e o l o g i s t ' s  hand lens  t h a t  is commonly used he re  on e a r t h  
would not be s7,iitable f o r  t he  a s t ronau t  t o  handle with h i s  l i m i t e d  dex- 
t e r i t y ,  and t h e  f o c a l  length is  t o o  s h o r t  t o  be ?-:sed through a f a c e  
p l a t e  on a p re s s ixe  s u i t  helmet. The hand lens t o  be used on t.hc m o m  
should have a l a r g e r  f i e l d  of view than i t s  t e r r e s t r i a l  counterpar t .  A 
g e o l o g i s t ' s  pick would have t o  be >;sed with g r e a t  care  t o  avoid damage 
t o  t h e  pressure s u i t .  High v e l o c i t y  rock chips or  s t e e l  s-ol inters  
coiild be ve ry  hazardous, un le s s  t h e  pick were emplopd i n  a most j ud i -  
c ious  manner. Some of the a s t ronau t s  have a l r eady  sus t a ined  minm 
wounds from f l y i n g  rock chips on f i e l d  t r i p s  i n  the  geology t r a i n i n g  
course. The reduced g r a v i t y  and very t h i n  atmosphere of t h e  moon 
would g r e a t l y  increase t h i s  hazard. A hand-coring device w i l l  be under 
development very soon. This w i l l  enable t h e  a s t rona ' ; t  t o  t ake  s h o r t  
co res  from ccnsol tdated rock m a t e r i a l  i n  a few minutes, and w i l l  have 
t h e  advantage of providing a sample i n  a p r e d i c t a b l e  shape, thus making 
t h e  sam9le encansulat ion more e f f i c i e n t .  

Surveying Instruments 

A s m a l l  scrveying instrument of sone s o r t  may be necessary t o  re-  
cord sample o r i e n t a t i o n  and general  a t t i t u d e  of geolocic  u n i t s  on t h e  
l u n a r  surf'ace. On e a r t h  a Brunton compass serves  t h i s  purpose, 5':t 
t h i s  instrLment r e l i e s  on a s t r c n g  magnetic f i e l d  of known o r i e n t a t i o n .  
Th i s  type of instrdment is no t  s u i t a b l e  f o r  'Jse on t h e  moon beca se t he  
magnetic f i e l d ,  i: p resen t ,  i s  very weak and of unknown o r i e n t a t i o n .  



A small  shadow compass o r  gyro compass m i g h t  perform t h i s  func t ion  r e -  
l i a b l y .  A J a c o b ' s  s ta f f  would a i d  the  a s t r o n a u t  i n  maintaining h i s  

balance,  as has been demonstrated i n  some of t h e  -g t r a j e c t o r y  f l i g h t s .  

This s t a f f  could a l s o  be s t r i p e d  f o r  s t a d i a  measurements, and photo- 
graphs taken of the a s t ronau t  on t h e  su r face  by t h e  a s t ronau t  i n  t h e  
LETvl 
naut.  This information woiild b e  very u s e f u l  i n  determining t h e  abso lu te  
and r e l a t i v e  p o s i t i o n s  a t  which samples were c o l l e c t e d  o r  important 
observations were made. 

1 
6 

would y i e l d  q u a n t i t a t i v e  information on t h e  d i s t a n c e  t o  the  a s t r o -  

Recording Instruments 

A s c r i b e r  might be u s e f u l  i n  recording t h e  sample o r i e n t a t i o n ,  
and of course,  the camera would a l s o  a i d  i n  t h i s  area. The camera is 
p a r t i c u l a r l y  important t o  earthbound s c i e n t i s t s  i n  documenting obser- 
vat ions by the means of t h e  b e s t  poss ib l e  photography. 
graphs of the t e x t u r e ,  geology, and gene ra l  cha rac t e r  of the lmar  
s i x f a c e  f o r  a l l  s c a l e s  a r e  of g r e a t  importance and should be a r o u t i n e  
p a r t  of any l u n a r  mission as should be t h e  c o l l e c t i o n  of sainiles. 
Present  f i lms are probably not suibable  f o r  l una r  photography, and t h i s  
a r e a  may r equ i r e  considerable  development. 

Good photo- 

A i d s  t o  Communication, Navigation, and Cartography 

If t h e  a s t r o n a u t  on t he  surface decides  t o  descend i n t o  a s m a l l  
c r a t e r ,  o r  i n  some o the r  way t o  g e t  out  of l i n e  of s i m t  con tac t  with 
t h e  L m ,  he w i l l  p l ace  a small r e f l e c t o r  s o  t h a t  voice communications 
can be maintained. This r e f l e c t o r  can be c a r r i e d  i n  a col lapsed form 
and e rec t ed  when needed. 
i n  l o c a t i n g  the  LEM on t h e  luna r  su r face  and i n  determining t h e  exac t  
l i b r a t i o n s  of t h e  moon. This instrument could a l s o  a i d  i n  e s t a b l i s h i n &  
higher  order  reference p o i n t s  on t h e  I 11-1, s i't'icc' il 1' " s c  ill c i i - c  m- 
l una r  navigat ion or exact  cartography. Some l i g h t  source w i l l  be 
needed f o r  the a s t ronau t  t o  take photographs i n  shadowed a reas .  A 
s m a l l  ref l e c t o r  could serve t h i s  purpose f o r  small shadowed areas, bu t  
l a r g e r  a r e a s  would r equ i r e  a s m a l l  p o r t a b l e  l i g h t .  A s t r i k e r  p l a t e  
might be used f o r  coupling seismic energy w i t h  t h e  s u r f a c e ,  o r  t h i s  
funct ion could be performed by s m a l l  exp los ive  squibs .  These would be 
used i n  connection with a c t i v e  seismic experiments. The geophones and 
cable  required can be reduced i n  weight and volume and made q u i t e  
e a s i l y  portable .  However, t h i s  t o t a l  load of t o o l s  and equipment i s  
obviously a g r e a t  d e a l  f o r  an a s t r o n a u t  t o  ca r ry .  
t o  be devised f o r  the a s t ronau t  t o  c a r r y  o r  t r a n s p o r t  t h i s  equipment, and 
doub t l e s s ,  much of it can be combined t o  make t h e  t o t a l  number of i nd iv -  
i d u a l  i t e m s  much l e s s .  

A phototheodol i te  m i g h t  prove very u s e f u l  

Some means may have 
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SELECTED PROBLEM AREAS 

Sample Collect ion 

Each of t he  aforementioned items of equipment has many yroblems 
a s soc ia t ed  with it, bu t  t h i s  paper w i l l  b r i e f l y  d i scuss  only two of 
t hese  areas. The c o l l e c t i o n  of samples is one of t h e  most important, 
i f  no t  t h e  most important,  func t ion  of t h e  a s t r o n a u t  on the  l u n a r  s u r -  
face.  The a s t r o n a u t s  should be we l l  prepared f o r  t h i s  t a s k  by p a r t i c -  
i p a t i o n  i n  t h e  geology t r a i n i n g  course which has  a l r e a d y  been i n  progress  
f o r  s e v e r a l  months. The l i m i t e d  d e x t e r i t y  and mob i l i t y  of t he  a s t r o n a u t  
w i l l  s e v e r e l y  l i m i t  t h e  number and kinds of samples he can c o l l e c t ,  as 
w e l l  as r e s t r i c t  t h e  manner i n  which t h e  samples can be packaged. 
Sample encapsulat ion and sample contamination a r e  two problems t h a t  are 
c l o s e l y  l inked. The techniques f o r  t h e  c o l l e c t i o n  and encapsulat ion of 
l u n a r  samples have not yet been worked oL,t, and deserve a g r e a t  amwnt 
of e f f o r t .  Contamination of t h e  samples by organic o r  inorganic  e a r t h  
materials must be avoided. Contamination of i nd iv idua l  l u n a r  samples 
wi th  o t h e r  l u n a r  materials should be minimized also, e s p e c i a l l y  i n  t h e  
case of “clean“ outcrop samples. The environments i n  which t h e  samples 
might be s t o r e d ,  and t h e  ma te r i a l s  t o  which t h e  samples might be ex- 
posed, n u s t  he p r e c i s e l y  con t ro l l ed  and recorded. Standard sample 
c o l l e c t i o n  equipment i s  mostly not s u i t a b l e  f o r  t h e  c o l l e c t i o n  of liinar 
samples, and nuch e f f o r t  must be made t o  develop equtpment s u i t a b l e  f o r  
t h i s  task.  A g r e a t  d e a l  of information could be lost from luna r  samples 
by improper handl ing,  c o l l e c t i n g ,  o r  packaging. 

Photography on Lunar Surface 

Photography on t h e  luna r  su r face  a l s o  p re sen t s  a number of d i f f i -  
c u l t  problems. The c o n t r a s t  is l i k e l y  t o  be very high between a r e a s  
i l luminated by s u n l i g h t  and t h e  inky black shac?ows. This problem is  
much more acu te  than  on t h e  e a r t h  becaGse t h e r e  i s  a lack of dense 
atmosphere t o  d i f f u s e  l i g h t  i n t o  shadows. Very high q u a l i t y  photography 
w i l l ,  of course,  be des i r ed .  The f i l m  should have minute g r a i n  s i z e  
and g r e a t  s e n s i t i v i t y ,  bu t  a l s o  be r e l a t i v e l y  unaffected by t h e  high 
r a d i a t i o n  background. Spec ia l  f i lms w i l l  have t o  be developed f o r  t h i s  
purpose. The camera must be very v e r s a t i l e  and provide f o r  t ak ing  very 
s h o r t  range close-ups as w e l l  as horizon panoramas. S t e r e o  p a i r s  may 
a l s o  be r equ i r ed  f o r  some inves t iga t ions .  It i s  obvious t h a t  high 
q u a l i t y  photography on t h e  luna r  su r face  p re sen t s  s e r i o u s  problems Lc 
many areas t h a t  are very simple on e a r t h .  



O f  necess i ty ,  t h i s  has been a very abbreviated sketch of  poss ib l e  
luna r  surface a c t i v i t i e s .  The Lunar Surface Technology Branch has  com- 
p i l e d  reference mission a c t i v i t i e s  i n  p e a t  d e t a i l ,  and w i l l  soon be 
dociimenting a s t r o n a u t  c a p a b i l i t i e s  i n  f i e l d  a reas  i n  p re s su re  s u i t s .  
These s tud ie s  w i l l  al low reasonable e s t ima tes  of t h e  amount of s c i e n t i f i c  
work t h a t  the a s t ronau t s  can perform on the  luna r  s u r f a c e ,  and a r e  l i k e l y  
t o  r evea l  a d d i t i o n a l  problem a reas .  Increased LEM systems c a p a b i l i t i e s ,  
changes i n  c o n s t r a i n t s ,  o r  changes i n  t h e  o v e r a l l  mission p r o f i l e  may 
a! 1 cm~ acid it ' I  naL time i'or s c i e n t i f i c  i n v e s t i g a t i o n  on a s i n g l e  mission. 
Ce r t a in ly ,  a s  knowled!'e of t h e  luna r  su r face  inc reases ,  b e t t e r  p l ans  can 
be made f o r  exact  t a s k s  of s c i e n t i f i c  exp lo ra t ion  on t h e  luna r  surface.  
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5.  SPACESUIT CAPABILITIES 

By Edward Hays 

The Mercury s p a c e s u i t  w a s  intended t o  've an i n t e r v e h i c u l a r  space- 
s u i t  t o  s e rve  p r i m a r i l y  as backup t o  t h e  cabin p re s su re  of t h e  spacec ra f t .  
The func t ion  of t'2is s u - i t  vas r a t h e r  l imi t ed :  t h e  a s t r o n a u t  w a s  i n  t h e  
couch; he d i d n ' t  need t o  move from t h e  couch; he had only t o  p e r f o h  
those t a s k s  necessary f o r  r e tu rn ing  t h e  s p a c e c r a f t  t o  e a r t h  should a 
cabin decompression occur. 

With the  advent of t he  Apollo luna r  excursion program, however, it 
became apparent t h a t  t h e  spacesu i t  must now m e e t  a m u l t i p l i c i t y  of re- 
quirements. Probably t h e  most important of i t s  new func t ions  is t o  
provide p re s su r i zed  mobili ty.  A major quest ion t o  be answered i s  what 
kind of work a pressure-sui ted a s t ronau t  can accomplish. 

The s u i t ,  as p r e s e n t l y  configured, c o n s i s t s  of a p re s su re  garment 
assembly containing a hab i t ab le  atmosphere t h a t  i s  100 pe rcen t  oxygen 
a t  a nominal ope ra t ing  pressure of 3.7 pounds p e r  square f o o t ,  absolute .  
The o t h e r  h a l f  of t h e  spacesu i t  assembly is a po r t ab le  l i f e  support  
system. This system ccn ta ins  a breathing oxygen supply,  t h e  thermal  
c o n t r o l ,  the  m ~ C i  l e  f o r  carbon dioxide C L G I L - C ~ ,  and ~ 1 - e  telerietry acd 
ccrmunication system. There is a c u i l t - i n  power supply along w i t h  h e a t  
exchangers, w a t e r  s e p a r a t o r s ,  fans ,  and s imi l a r  end-devices t h a t  pre-  
s e n t  no l i t t l e  packaging and technology problems. 

1 Some of t h e  -g f l i g h t  t e s t s  being conducted i n  coordinat ion with 6 
t h e  Department of Defense a r e  i l l u s t r a t e d  i n  a t e c h n i c a l  f i l m  l i s t e d  
i n  r e fe rence  1. 

As experimental  development of t h e  spacesu i t  p rog res ses ,  t h e r e  is 
an attempt being made t o  q u a n t i t a t e  d e x t e r i t y  and mobil i ty .  It is hoped 
t h a t  t h e  s c i e n t i f i c  community w i l l  a i d  the  developmental program by 
making known t o  MSC t h e i r  s p e c i f i c  requirements for s p a c e s u i t  perform- 
ance during experimental  t a sks .  

1. Prototype Apollo S u i t  Mobili ty Test ,  Simulated Lunar Gravity.  
MSC Technical Film no. 213.. 
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6. ASTRONAUT TRAINING 

By N e i l  A. Armstrong 

GENERAL TRAINING 

Academic Training 

General t r a i n i n g  f o r  t h e  f l i g k t  crews preparing f o r  t h e  Apollo 
Mission begins with an academic program designed t o  compliment o r  i m -  
prove the  p i l o t ' s  t e c h n i c a l  knowledge of space f l i g h t .  The courses 
include such s u b j e c t s  as t h e  following: geology, astronomy, physics 
of t h e  upper atmosphere and space,  f l i g h t  mechanics, d i g i t a l  computers, 
guidance and navigat ion,  spacecraf t  onboard computers, medical a spec t s  
of space f l i g h t ,  rocket  propulsion systems, aerodynamics, communications, 
and meteorology. 

It i s  obvious t h a t  t h e  c3urses a r e  space mission or iented.  For 
example, t he  complete mission nav iga t iona l  t a s k s  from luna r  i n s e r t i o n  
t o  e a r t h  e n t r y  r e q u i r e  a knowledge of 8 of t h e  12 i t e m s  l i s t e d .  
a d d i t i o n  t o  inc reas ing  t h e  p r o b a b i l i t y  of mission success ,  t hese  coixses  
w i l l  provide competent observers in such ncn-operational d i s c i p l i n e s  as 
t h e  geosciences. These aspects  are  covered comprehensively with l e c -  
t u r e s ,  l a b o r a t o r y  pe r iods ,  and f i e l d  t r i p s  scheduled i n  s i x  s e p a r a t e  
s e r i e s  t h a t  w i l l  continue from the p re sen t  u n t i l  completion of t he  luna r  
missions. 

I n  

Environmental Fami l i a r i za t ion  

?he next phase of general  t r a i n i n g  covers environmental familiar- 
i z a t i o n  and contingency a spec t s  of t h e  Apollo r i s s i o n .  

The a c c e l e r a t i o n  programs as provided on t h e  NASA and Navy c e n t r i -  
fuges ( f i g .  6-1, 6 - 2 ) ,  w i l l  provide eva lua t ion  of spacec ra f t  systems 
such as c o n t r o l ,  d i s p l a y s ,  pressure s u i t s ,  and r e s t r a i n t s  during launch 
and e n t r y  a c c e l e r a t i o n  under normal and emergency conditions.  

The e f f e c t s  of v i b r a t i o n  on crew members w i l l  be s tud ied  where 
appl icable .  The noise  environment w i l l  be simulated i n  t h e  Apollo 
Mission Simulator.  

Training pressure s u i t s  a r e  provided f o r  t h e  f l i g h t  crew t o  ga in  
experience i n  donning and doff ing t h e  s u i t s ,  walking a t  var ious degrees 



of p r e s s u r i z a t i o n ,  mob i l i t y  i n  spacec ra f t  mock-ups and mission simu- 
l a t o r s ,  and operat ions under design condi t ions i n  a l t i t u d e  chambers. 

Similar t r a i n i n g  w i l l  be provided f o r  ope ra t iona l  f a m i l i a r i z a t i o n  
with t h e  portable  l i f e  support  systems. 

F l i g h t  crews w i l l  p a r t i c i p a t e  i n  a l t i t u d e  chamber-spacecraft t es t s  
and checkout. Weightlessness and luna r  g r a v i t y  t r a i n i n g  w i l l  continue 
throiigh the use of t he  inc l ined  platform and a i r c r a f t  t r a j e c t o r y  tech-  
niques. 

Su rv iva l  Training 

The three basic  s u r v i v a l  cond i t ions ,  f o r  which t r a i n i n g  i s  r equ i r ed ,  
a r e  f o r  t r o p i c  ( f i g t 6 - 3 ) ,  d e s e r t ,  and water landings.  
supported through A i r  Force and Navy s u r v i v a l  schools.  
a spec t s  of water recovery w i l l  be accomplished i n  a f l o t a t i o n  tank and 
i n  open water. 

This t r a i n i n g  i s  
Training f o r  a l l  

Another a spec t  of  gene ra l  t r a i n i n g  is t h a t  of a s t r o n a u t  p a r t i c i p a -  
t i o n  i n  the  engineering development of t h e  launch v e h i c l e s ,  the space- 
c r a f t ,  and t h e i r  var ious subsystems. This i s  accomplished through p a r -  
t i c i p a t i o n  i n  design reviews, engineer ing s imula t ions ,  s p a c e c r a f t  and 
launch vehicle  development t e s t s ,  and through ind iv idua l  engineer ing 
assignmgnts. Each a s t ronau t  i s  assigned t o  p a r t i c i p a t e  i n  and follow 
throu& various engineering developmental a s p e c t s  of t h e  program. This 
p a r t i c i p a t i o n  provides a means of maintaining i n d i v i d u a l  and group 
knowledge as w e l l  as providing crew con t r ibu t ions  t o  t h e  program de- 
velopment. 

Operat ional  Training 

Operational t r a i n i n g  w i l l  be conducted wi th  a v a r i e t y  of f ixed -  
base and f r e e - f l i g h t  s imulators .  A major p o r t i o n  of t h e  t r a i n i n g  w i l l  
be conducted on fu l l -mis s ion  s imulators  t h a t  w i l l  have t h e  c a p a b i l i t y  of 
s imula t ing  Apollo missions from launch t o  landings.  These s imulators  
w i l l  f a m i l i a r i z e  t h e  f l i g h t  crew with t h e  o v e r - a l l  mission t iming and 
s p e c i f i c  t a sks  as determined from mission p l ans .  

For t h e  landing and docking manelivers , which cannot be adequately 
simulated by s t a t i c  dev ices ,  moving-base and f r e e - f l i g h t  s imula to r s  
w i l l  be provided. 

S p e c i f i c  mission p repa ra t ion  (*E. 6-14 ) begins approximately s i x  
months p r i o r  t o  the scheduled f l i g h t  d a t e  and c o n s i s t s  of o p e r a t i o n a l  



checks i n  t h e  white  room, vacuum chamber, v e r t i c a l  assembly tower, and 
on t h e  launch complex. This program w i l l  r e q u i r e  a p a r t  o r  all of  t h e  
crew f o r  p a t i c i p a t i o n  o r  observation. Also, dur ing  t h i s  pe r iod ,  t h e  
crew w i l l  u t i l i z e  t h e  mission s imulator  t o  p r a c t i c e  normal and emergency 
procedures,  guidance and navigat ion,  c o n t r o l  mode switching and t a s k s ,  
and flight p l a n  and mission r u l e  refinements. I n  t h e  f i n a l  s t ages  of 
p repa ra t ion ,  i n t e g r a t e d  network s imulat ions are ccnducted with all t h e  
world-wide ground s t a t i o n s  and f l i g h t  crews p a r t i c i p a t i n g .  

Concurrent with a l l  other  commitments, t h e  p i l o t s  must maintain 
f l i g h t  p ro f i c i ency  i n  high performance a i r c r a f t  and h e l i c o p t e r s .  

TRAINING EQUIPMENT 

Mission Simulators 

Two Apollo mission s imulators  ( f i g .  6-4) w i l l  be provided; one t o  
be loca ted  a t  Houston and the  other  a t  Cape Kennedy. Each w i l l  s imulate  
t h e  cownand module (CM) s epa ra t e ly  o r  t h e  command and s e r v i c e  module 
(CSM) combination. The i n t e r n a l  arrangement of t he  command module is 
an exac t  d u p l i c a t e  of t h e  p a r t i c u l a r  s p a c e c r a f t  being simulated. The 
c o n t r o l s ,  d i s p l a y s ,  and window scenes w i l l  be a c t i v e ,  and w i l l  be d r iven  
closed-loop by p e r i p h e r a l  computing equipment. The i n s t r u c t o r ' s  console 
w i l l  contain d u p l i c a t e  d i sp l ays  and malfunction i n s e r t i o n  un i t s .  

Apollo Part - task Tra ine r  

The Apollo p a r t - t a s k  t r a i n e r  w i l l  be similar t o ,  b u t  less sophis-  
t i c a t e d  than ,  t h e  mission simulator.  It is requ i r ed  t o  a l l e v i a t e  t h e  
workload on t h e  mission s imulator  and t o  provide t r a n s i t i o n  t r a i n i n g  
fran one f l i g h t  t o  the  next. 

LEM Simulation Equipment 

A c o n t r a c t  has  not  been awarded f o r  t h e  I;EM s imula t ion  equipment; 
however, i t s  funct ions w i l l  n e c e s s a r i l y  p a r a l l e l  those of t h e  CSM 
s imula to r  . 

The l u n a r  landing research veh ic l e  , ( f i g .  6-5) w i l l  provide p i l o t e d ,  

The gimballed 
f r e e - f l i g h t  s imula t ion  on e a r t h .  It can s imulate  LEN t r a j e c t o r i e s  and 
handl ing q u a l i t i e s  f o r  t h e  f i n a l  4,000 feet  of approach. 

j e t  engine w i l l  prcvide l i f t  f o r  - of the  veh ic l e  weight,  and e f f e c t i v e l y  5 
6 
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provide a lunar  g r a v i t y  p o t e n t i a l .  The p i l o t  con t ro l s  hydrogen.-peroxide 
rockets  t o  provide t h e  descent  o r  a scen t  acce le ra t ions .  Addit ional  
con t ro l  rocke t s ,  mounted as on the  LEN, w i l l  produce v a r i a b l e  t h r u s t  t o  
match LFM angular a c c e l e r a t i o n s  and handl ing q u a l i t i e s .  

" 

Gemini T rans l a t ion  and Docking Simulator 

I n  order t o  provide a r e a l i s t i c ,  f u l l - s c a l e  c lose  proximity docking 
s imula t ion ,  t h e  Gemini t r a n s l a t i o n  and docking t r a i n e r  ( f i g .  6-6) w i l l  
be modified t o  accept  e i t h e r  Gemini o r  Apollo modules. This equipment 
is  mechanized, closed loop, through an analog computer. Rotation and 
t r a n s l a t i o n  motions are dup l i ca t ed  by use of gimbals and a i r -bea r ing  
r a i l s .  

TRAINING DERIVED FROM G E M I N I  PROGRAM 

P a s t  experience has ind ica t ed  t h a t  t h e r e  i s  no s u b s t i t u t e  f o r  t h e  
experience gained under a c t u a l  ope ra t iona l  condi t ions.  The Gemini 
missions should, t h e r e f o r e ,  s e rve  as a proving ground and t r a i n i n g  
program f o r  many segments of t he  Apollo mission. 
dezvous, the d i g i t a l  computers and r ada r  w i l l  be operated.  
t i o n ,  o p t i c a l ,  semi-opt ical ,  and manual methods w i l l  be evaluated. 
A f t e r  docking, maneuvers w i l l  be accomplished f o r  a l t e r i n g  t h e  o r b i t .  

For the  a c t u a l  ren- 
I n  addi-  

Since both t h e  Gemini and Apollo s p a c e c r a f t  are l i f t i n g  bodies 
du r ing  atmospheric f l i g h t ,  t h e  techniques of l i f t - v e c t o r  c o n t r o l  during 
e n t r y  t o  a r r i v e  a t  a p re se l ec t ed  landing p o i n t  can be evaluated.  

The aero-medical func t ions  of t he  long d u r a t i o n  f l i g h t s  w i l l  a s s e s s  
t h e  e f f e c t s  of z e r o -  g, required i n f l i g h t  e x e r c i s e s ,  and s a n i t a t i o n  
methods and procedures. 

Many of t h e  Gemini systems t h a t  a r e  s imilar  t o  those  of t he  Apollo 
These s p a c e c r a f t  can be evaluated under a c t u a l  o p e r a t i o n a l  condi t ions.  

c o n s i s t  of cryogenic e l e c t r i c a l  systems, onboard computers, i n e r t i a l  
platforms,  t r a n s l a t i o n a l  propuls ive systems, e t  c e t e r a .  

A s  a r e s u l t  of the Gemini f l i g h t s ,  t h e  crews should o b t a i n  t h e  
important f a c t o r  of confidence t h a t  w i l l  a s s u r e  them t h a t  t hey  can 
perform s imi l a r  t a s k s  required f o r  t h e  Apollo mission. 
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7. ASTRONAUT TRAINING I N  GEGSCIENCES 

By Dr .  Ted H. Foss 

The a s t ronau t  t r a i n i n g  program c o n s i s t s  of six o r  more t r a i n i n g  
s e r i e s .  The f i rs t  of t hese ,  Training S e r i e s  I, has  j u s t  been completed. 
Outl ines  of t he  course are ava i l ab le  from the  speaker  upon request .  

Tra in ing  S e r i e s  I has been given i n  s e v e r a l  p a r t s .  F i r s t ,  t h e r e  
has been a s e r i e s  of l e c t u r e s  e n t i t l e d  "P r inc ip l e s  of T e r r e s t r i a l  and 
Lunar Geology" given by geo log i s t s  of t h e  U.S. Geological  Survey under 
con t r ac t  t o  NASA. These l e c t u r e s  have s t r e s s e d  geologic p r i n c i p l e s ,  
e s p e c i a l l y  those which apply t o  both t h e  e a r t h  and moon. 
course has cons is ted  of approximately 30 hours  of l e c t u r e s .  

The p r i n c i p l e s  

A second s e r i e s  of l e c t u r e s  and l abora to ry  se s s ions  e n t i t l e d  "An 
In t roduc t ion  t o  Mineralogy and Petrology" has been given by geo log i s t s  
of t h e  Lunar Surface Technology Branch of Manned Spacecraf t  Center. 
These l e c t u r e s  and l abora to ry  sess ions  have d e a l t  w i t h  Pand specinen 
i d e n t i f i c a t i o n  of minerals  and rocks,  with p a r t i c u l a r  emphasis on 
igneous rocks and t h e i r  o r ig in .  The mineralogy and pe t ro logy  course 
has cons is ted  of about 28 hours of combined l e c t u r e s  and l abora to ry  
sess ions .  

A t h i r d  p a r t  of Tra in ing  Se r i e s  I w a s  fou r  f i e l d  t r i p s  which were 
run as a j o i n t  i n s t r u c t i o n a l  e f f o r t  by geo log i s t s  from both courses and 
were keyed t o  m a t e r i a l  given i n  the p r i n c i p l e s  course. 

The f i rs t  t r i p  w a s  t o  t he  Grand Canyon f o r  two days. This t r i p  
i l l u s t r a t e d  t h e  supe rpos i t i on  of s t r a t i f i e d  rocks ,  unconformities , 
s m a l l  s c a l e  f e a t u r e s  of sedimentary rocks ,  and r eg iona l  metamorphic 
rocks ( f i g .  7-1, 7-2). 

The second f i e l d  t r i p  was t o  t h e  Big Bend-Marathon reg ion  of West 
Texas f o r  two days. This t r i p  i l l u s t r a t e d  s t r u c t u r e s  i n  deformed s e d i -  
mentary rocks and r ecen t  volcanic  rocks. During t h i s  t r i p  the  a s t r o -  
nauts  had a chance t o  map geology on a e r i a l  photographs ( f i g .  7-3). 

The t h i r d  t r i p  w a s  t o  t he  K i t t  Peak Observatory and t o  t h e  F l a g s t a f f  
area f o r  two days. This  t r i p  i l l u s t r a t e d  techniques of l una r  geologic  
mapping on 1:~,00~,0~~ mc char t s  2.sing t e l e s c c p i c  observat ion of t 're 
l u n a r  sur face .  I n  the  F lags t a f f  a r e a ,  t h e  a s t ronau t s  were rlown over 
s e v e r a l  types of c r a t e r s ,  and examined some very  r ecen t  vo lcanic  f e a t u r e s  
on the  ground ( f i g .  7-4, 7-5).  
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The l a s t  t r i p  w a s  t o  F’hilmont Ranch i n  no r the rn  New Mexico. There 
t h e  a s t ronau t s  were i n s t r u c t e d  i n  many s tandard geo log ica l  and geophys- 
i c a l  techniques,  such as s e c t i o n  measuring, mapping on a topographic 
base,  c o r r e l a t i o n  of descr ibed s e c t i o n s ,  and se i smic ,  magnetic, and 
g r a v i t y  measurements ( f i g .  7-6, 7-7). 

Five more t r a i n i n g  s e r i e s  which w i l l  continue through t h e  Apollo 
program have been t e n t a t i v e l y  l a i d  out.  These l e c t u r e  s e r i e s  w i l l  go 
i n t o  d e t a i l  on such s u b j e c t s  as volcanic  geology, impact geology, sample 
techniques,  i n s t r u c t i o n  i n  use of a n a l y t i c a l  and sampling instruments 
as they  a re  developed, advanced f i e l d  techniques,  s imulated m i s s  ion 
p r o f i l e s ,  e t  ce t e ra .  Many of tl!ese l e c t u r e s  w i l l  lie given by Fuest 
speakers.  The l e c t u r e s  i n  a l l  of t h e s e  s e r i e s  w i l l  be complemented by 
f i e l d  t r i p s  t o  appropriate  a reas .  

During Training S e r i e s  I, it was discovered t h a t  t h e  a s t r o n a u t s  
have except ional  a p t i t u d e s  and academic backgrounds t o  become s tuden t s  
i n  t h e  geosciences. Their s t r o n g  przvious t r a i n i n g  p lus  t h e i r  g r e a t  
motivation have r e s u l t e d  i n  a ve ry  r ap id  ra te  of l e a r n i n g  t o  a p o i n t  
where t h e  s tudents  a r e  a c t i v e l y  and a b l y  arguing ques t ions  of geologic 
f a c t  and philosophy wi th  t h e i r  i n s t r u c t o r s .  It i s  ev iden t  t h a t  with 
f u r t h e r  t r a i n i n g ,  t h e  a s t r o n a u t s  w i l l  be a b l e  t o  func t ion  as h i g h l y  
competent observers on the  e a r l y  luna r  landings.  
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8. MSC RESEARCH ON LUNAR SURFACE EXPERIMENTS 

By John E. Dornbach 

INTRODUCTION 

The primary s c i e n t i f i c  ob jec t ive  of t h e  cu r ren t  Apollo program has 
been def ined  by Manned Space Sciences Divis ion of t he  Off ice  of Space 
Sciences and Appl ica t ions  (OSSA) as  a c q u i s i t i o n  of comprehensive d a t a  
about t h e  moon. This  is t o  include n o t  only t h e  ga the r ing  of s c i e n t i f i c  
d a t a  f o r  determining the  o r i g i n ,  evolu t ion ,  and morphology of t he  e a r t h -  
moon and t h e  s o l a r  systems, bu t  a l s o  the  a c c m u l a t i o n  of d a t a  and measure- 
ments which w i l l  d i r e c t l y  add t o  the p r o b a b i l i t y  of success  of subsequent 
missions t o  t h e  moon. This information would l a r g e l y  concern engineer ing  
p r o p e r t i e s  of t h e  luna r  su r face  and probable hazards  t o  men and equipment 
on t h e  luna r  sur face .  The d a t a  gathered by t h e  Apollo program would not  
be mutual ly  exc lus ive  of e i t h e r  s c i e n t i f i c  or  ope ra t iona l  ana lys i s .  The 
program is t o  be guided by the  following two major requirements.  

F i r s t ,  all f a c e t s  of MSC ope ra t iona l  missions must be supported by 
information on the  e a r t h  environment, c i s l u n a r  space,  and t h e  moon. 

Second, t h e r e  must be a response t o  t he  l u n a r  su r face  s c i e n t i f i c  
program f o r  Apollo, such a s  has been e s t a b l i s h e d  i n  the  Sonet t  Committee 
and Nat iona l  Academy of Science Iowa Summer Study S c i e n t i f i c  Guidel ines  
forwarded t o  Manned Spacecraf t  Center from OSSA. 

I n  order  t o  e s t a b l i s h  programs t o  support  t he  luna r  su r face  mission,  
many assumptions were made and many ques t ions  asked. Some of these  
ques t ions  fol lcw:  

How can t h e  a s t r o n a u t s '  time be most e f f e c t i v e l y  u t i l i z e d  on the  
l u n a r  sur face?  

Haw w i l l  l u n a r  sur face  cont ingencies  a f f e c t  t h e  s c i e n t i f i c  mission? 

How a c c u r a t e l y  w i l l  t h e  LEN be ab le  t o  land near  a p o i n t  of s c i en -  
t i f i c  i n t e r e s t ?  

What is maximum exp lo ra t ion  r ad ius  of a c t i o n  from t h e  LEM? 

Haw w i l l  environmental  systems and r e s t  o r  s l e e p  cyc les  a f f e c t  
t o t a l  mission time on the  l u n a r  sur face?  
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How w i l l  information and samples re turned from the  f i r s t  mission 
a f f e c t  a l l  experiments and instruments being developed? 

F i n a l l y ,  when w i l l  t h e  p r e c i s e  payloads and experiments t o  be 
c a r r i e d  on each mission be determined? 

This l a s t  po in t  i s  of extreme importance t o  MSC. Because t h e  manned 
system has developed a high r e l i a b i l i t y ,  it can be assumed that t h e r e  
w i l l  ue l i t t l e  di ipl icat ion i n  s c i e n t i f i c  payloads. It can a l s o  be as- 
sumed t h a t  when s p e c i f i c  meascirements a r e  made, each succeeding f l i g h t  
w i l l  make more p r e c i s e  and more thorough measurements. To ga in  maximum 
lead time, instrument development must begin two t o  t h r e e  years  i n  ad- 
vance of the f i r s t  mission; y e t ,  even though t h e  f ind ings  of the f i r s t  
mission may appreciably a f f e c t  t he  mission p l an  f o r  t he  second, t h e  sec -  
ond mission is expected t o  follow i n  no more than t h r e e  t o  s i x  months. 
Due t o  t h e  extreme value of each minute spent  on the luna r  su r face  and 
t h e  months involved i n  crew t r a i n i n g ,  it w i l l  be necessary t o  formlilate 
as fa r  i n t o  t h e  f u t u r e  as poss ib l e  the experiments which might be c a r r i e d  
on a f l i g h t  -by-f l i g h t  bas is. 

PLANNING STUDIES 

Determination of Optimum Measurements, Experiments, and 
' 

Geologic Studies  t o  be Made on t h e  Lunar Surface 

Almost two years ago, a con t r ac t ed  s tudy  began which could provide 
t e n t a t i v e  answers t o  some of t hese  quest ions.  This study,  e n t i t l e d  
"Determination of Optimum Measurements, Experiments, and Geologic 
Studies  t o  be Made on the Lunar Surface,"  has  t h e  fol lowing aims: 

(1) TO provide a b a s i s  f o r  proceeding with s p a c e c r a f t  i n t e r f a c e  
requirements and f o r  support ing s t u d i e s  on experiments u n t i l  payloads 
can be spec i f i ed .  

(2) To provide t e n t a t i v e  answers t o  t h e s e  ques t ions :  

( a )  What s c i e n t i f i c  experiments can be performed on t h e  
lunar surface? 

( b )  How can maximum use be made of t h e  l i m i t e d  t i m e  a v a i l -  
able on the  luna r  surface? 

( c )  What combination of experiments would provide a bas is  
f o r  the most comprehensive, systematic  a n a l y s i s ?  
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( d )  To what e x t e n t  w i l l  each mission con t r ibu te  s e q u e n t i a l l y  
t o  t h e  accumulation of knowledge in  var ious  s c i e n t i f i c  d i s c i p l i n e s ?  

Although t h i s  s tudy  was planned t o  s p e c i f y  t e n t a t i v e  f l i g h t  pay- 
loads,  t h e  u l t i m a t e  Apollo payloads would inc l ade  inpu t s  from t h e  
s c i e n t i f i c  community and more s p e c i f i c a l l y ,  from t h e  Off ice  of Manned 
Space F l igh t ,  t h e  Off ice  of Space Sciences and Applicat ions,  The 
Natiollal Academy of Sciences, and o t h e r s  ( f i g .  8-1). 

Severa l  s t e p s  were r equ i r ed  t o  formulate  guide l ines  t o  be used 
i n  planning f o r  spacec ra f t  design, and f o r  t h e  environment and i n t e r -  
f a c e  con t ro l  documentation requi red  f o r  ins t rumenta t ion  f o r  l u n a r  su r -  
f ace  experiments. Each s tudy group independently eva lua tes  i t s  area 
of  i n t e r e s t  i n  r e l a t i o n  t o  the  weighting f a c t o r s .  These eva lua t ions  
are then combined on t h e  b a s i s  of t h e  primary s c i e n t i f i c  ob jec t ives  of 
Apollo, t o  determine optimum payloads f o r  t h e  f i rs t  and succeeding 
missions.  Since t h e  amount of t i m e  f o r  a l u n a r  su r face  mission cannot 
be s t a t e d  p r e c i s e l y  a t  t h i s  time, t h e r e  must be some l a t i t u d e  i n  planning.  
The second and succeeding missions may become f u r t h e r  complicated by t h e  
r e s u l t s  of t he  preceeding m i s s i o n .  These f ind ings  may s e r i o u s l y  a f f e c t  
t h e  payloads t h a t  might be planned and t h e  t r a i n i n g  which t h e  a s t r o n a u t s  
might r ece ive .  

I n  Phase I of the  s tudy a l l  fundamental l una r  problems were con- 
s i d e r e d ,  and an  at tempt  was made t o  de f ine  a l l  types of d a t a  which 
Apollo m i g h t  be asked t o  ga the r  on t h e  moon. Next, Phase I1 provided 
a very  comprehensive l i s t  of measurements and experiments t h a t  might 
be made t o  ga ther  d a t a  on the  moon. 'Ibis l i s t  w a s  then  subjec ted  t o  
an  eva lua t ion  i n  Phase I11 t o  determine which measurements would pro-  
v ide  t h e  g r e a t e s t  amount of s c i e n t i f i c a l l y  and t echno log ica l ly  s i g n i f -  
i c a n t  data .  The eva lua t ion  also considered f u t u r e  mission success  and 
a s t r o n a u t  s a fe ty .  I n  Phase 111, a l l  measurements, experiments,  o r  ob- 
s e rva t ions  of Phase I1 were evaluated i n  r e l a t i o n  t o  f i v e  ca t egor i e s  of 
s i g n i f i c a n c e  as fol lows : 

(1) Those which def ine  hazards a f f e c t i n g  crew sa fe ty .  

( 2 )  Those r e l a t e d  t o  t r a f f i c a b i l i t y  o r  f u t u r e  landing s i t e  
s e  l e  c t ion. 

( 3 )  Those r e l a t e d  t o  de f in ing  t h e  o r i g i n ,  n a t u r e ,  and age of 
l u n a r  su r face  f ea tu res .  

(4) Those r e l a t e d  t o  lunar  bas ing  p o s s i b i l i t i e s ,  e s p e c i a l l y  water  
explora t ion .  

( 5 )  Those r e l a t e d  t o  a l l  aspec ts  of s tudy  of t h e  earth-moon system. 
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The next s t e p ,  Phase I V ,  w a s  t o  compile a comprehensive l i s t  of 
instruments capable of making t h e  measurements considered of g r e a t e s t  
s i g n i f i c a n c e ' i n  Phase 111. A l l  ins t rumental  measurements were then 
evaluated i n  Phase V on t h e  b a s i s  of performance c h a r a c t e r i s t i c s  and 
on t h e  bas i s  o f  power, volume, and weight requirements. The i n s t r u -  
ment types were a l s o  evaluated i n  Phase V I  on t h e  b a s i s  of f e a s i b i l i t y  
of operat ion i n  t h e  l u n a r  environment. 

Final ly ,  a l l  data c o l l e c t e d  i n  previous phases w i l l  be assembled 
i n t o  matrix form, f o r  use i n  t h e  s e l e c t i o n  of optimum mission payloads 
based upon ope ra t iona l  r e s t r a i n t s  which MSC w i l l  supply.  The matr ix  
assembly i n  Phase VI1 w i l l  provide f o r  c ros s  c o r r e l a t i n g  c e r t a i n  experi-  
ments on the b a s i s  of  a s e q u e n t i a l  o rde r  i n  which t h e  experiments might 
be expected t o  be performed, and what might happen t o  f u t u r e  planned 
payloads a f t e r  t h e  data gathered on t h e  previous mission has been ana- 
l yzed  and i n t e r p r e t e d .  Phase VI11 w i l l  def ine,  on t h e  b a s i s  of t he  
e n t i r e  study, t h e  experiments MSC may be asked t o  f l y  on a mission-by- 
mission b a s i s .  The b e s t  poss ib l e  e s t ima te  w i l l  be made f o r  each experi-  
ment of  the requirements f o r  weight, volume, power, telemetry,  s p e c i a l  
handling, and any o t h e r  s p e c i a l  c h a r a c t e r i s t i c s .  The f i n a l  r e p o r t  f o r  
t h i s  s tudy i s  t o  be de l ive red  t o  MSC by August 30, 1964. 

In-house and Funded S tud ie s  

Preparatory s t u d i e s  now being conducted in-house o r  being funded 
through Manned Space Sciences Divis ion may be divided i n t o  t h r e e  c a t e -  
go r i e s :  . f e a s i b i l i t y  and background s t u d i e s ;  ope ra t ion  and equipment 
development, including a s t r o n a u t  a c t i v i t y  and in s t rumen ta l  measurement; 
and mission support  s t u d i e s .  

The program has made every e f f o r t  not t o  d u p l i c a t e  s t u d i e s  and 
development which have a l r e a d y  been i n i t i a t e d  o r  completed. 
of such s tud ie s  woula be t h e  many experiments planned f o r  t h e  s o f t -  
landed surveyor,  now i n  varying degrees of development, ranging from 
prel iminary prototypes t o  f l i g h t - q u a l i f i e d  hardware. S t u d i e s  from t h e  
coming y e a r ' s  program a r e  l i s t e d  and descr ibed i n  t h e  fol lowing para-  
graphs. 

An example 

Ef fec t s  of Lunar Environment on Mineralogy and Petrology 

There may be mineral  assemblages on t h e  l u n a r  s u r f a c e  un l ike  any 
found i n  a n a t u r a l  s t a t e  on e a r t h .  Packaging samples of t hese  mater- 
i a l s  might present  s p e c i a l  problems if they  should prove uns t ab le  when 
removed from the  l u n a r  atmosphere. 
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F e a s i b i l i t y  of Apollo D r i l l i n g  Operations 

A funded s tudy  w i l l  be conducted of t h e  e n t i r e  Apollo s y s t e m  t o  
a t tempt  t o  determine t h e  type of d r i l l i n g  opera t ions  and t h e  maximum 
depth and diameter  of d r i l l  hole which might be f e a s i b l e  using the  
present  LE24 weight, volume, power, and o ther  r e s t r a i n t s .  

P re se rva t ion  of Lunar P r o f i l e  Samples 

A funded s tudy  w i l l  be recommended t o  determine haw t h e  a s t r o n a u t s  
can b r ing  back i n t a c t  E sample of the "Fa i ry  Castle" s t r u c t u r e  i n  cross-  
s ec t ion  p r o f i l e .  

Radar Te r ra in  Study of the Pisgah Crater Area 

Another cont rac ted  s tudy  would u t i l i z e  da t a  on the Pisgah Crater 
a r e a  i n  Ca l i fo rn ia  t o  determine t h e  magnitude of t he  averaging of fine 
topographic d e t a i l  by a r a d a r  beam. "his area has a l r e a d y  been mapped 
a t  a 25 cent imeter  contour in t e rva l .  A c m p u t e r  program of t h e  X, Y, 
and Z coordinates  of po in ts  spaced a t  1-meter g r i d  i n t e r v a l s  has been 
es tab l i shed .  

Study of the  Effec t  of Lunar Environment on Magma 
Generation, Migration, and C r y s t a l l i z a t i o n  

Geologis ts  a t  MSC have prepared a s ta tement  of work f o r  a contracted 
t h e o r e t i c a l  study, concent ra t ing  on the  vacuum, g rav i ty ,  and temperature 
cond i t ions  of the  moon, which could provide advance knowledge of possible  
d i f f e r e n c e s  i n  t e x t u r e  and morphology between lunar rocks and t h e i r  
terrestrial counterpar ts .  This w i l l  be important f o r  t r a i n i n g  a s t r o n a u t s  
i n  t h e i r  t a s k  of geo log ica l  explora t ion  of t h e  lunar surface.  

I n  S i t u  Measurements by Geophysical Explora t ion  Techniques 

This study, t o  be conducted by t h e  U.S.  Geological Survey (USGS), 
w i l l  eva lua te  the  use of geophysical  exp lo ra t ion  techniques f o r  de t e r -  
mining the  d i s t r i b u t i o n  and physical  p rope r t i e s  of sur face  and subsurface 
rocks.  Special  emphasis w i l l  be placed on the value of e l e c t r i c a l ,  
e lectro-magnet ic ,  g rav i ty ,  and other measurements, i n  cons ide ra t ion  of 
t h e  l imi t ed  m o b i l i t y  and t r ave r se  dis tance c a p a b i l i t i e s  of the  Apollo 
lunar sur face  exp lo ra t ion  mission. 
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I n v e s t i g a t i o n  of Mult iple  I n t e r n a l  Re f l ec t ion  Technique 
f o r  Measuring Absorption Spectra  of Sol ids  

A s tudy w i l l  be recommended t o  OSSA t o  i n v e s t i g a t e  t h e  f e a s i b i l i t y  
of designing a spectrophotometric ana lyzer  based on i n t e r n a l  r e f l e c t i o n  
technique. 
spec t r a  of s o l i d s ,  ve ry  l i t t l e  or  no sample prepara t ion  would be re- 
quired by t h e  a s t ronau t .  

If t h i s  technique can be used t o  measure t h e  absorp t ion  

EXPERIMENTAL EQVrPMENT DEVELOPMENT 

L u n a r  Surface Explorat ion Camera 

Requirements f o r  a hand-held camera f o r  s c i e n t i f i c  exp lo ra t ion  on 
t h e  lunar sur face  are being compiled. 
camera's optimum des ign  as d i c t a t e d  by t h e  requi red  c a p a b i l i t i e s ,  Apollo 
mission environmental condi t ions ,  and the  spacesui ted  a s t r o n a u t ' s  
l imited dex te r i ty .  Some of t h e  requi red  c a p a b i l i t i e s  a r e :  

This s tudy  w i l l  determine t h e  

(1) Interchangeable  film 

(2) Color and black and white,  s t e r e o  or s i n g l e  exposures 

( 3 )  Capacity t o  i d e n t i f y  ob jec t s  0 . b  i n  l i n e a r  dimension 

(4) W and I R  photographs 

( 5 )  

(6) ~aximum volume - cu f t  

( 7 )  

Maximum weight - 7 l b s  

1 

Film capac i ty  - 300 s t e r e o  pairs 

(8) Record of r e a l  t i m e  of exposure 

Neutron Act iva t ion  A n a l y s i s  

This technique is  under s tudy  f o r  poss ib l e  f u t u r e  a p p l i c a t i o n  i n  
pos t  Apollo lunar explora t ion .  
of determining t h e  elemental  composition of t h e  moon i n  r eg ions  inacces-  
s i b l e  t o  t h e  a s t ronau t .  
barding the lunar  samples wi th  neutrons and measuring t h e  r e s u l t i n g  
secondary gamma rays with a n  ana lyzer .  
t o  manned lunar o r b i t i n g  spacec ra f t  o r  t o  a base .  
year 1964, t h e  Radiat ion and F i e l d s  Branch i n i t i a t e d  procurement Of a 
l abora to ry  prototype of a f l y a b l e  pulse-height  analyzer. 

The method has  t h e  p o t e n t i a l  c a p a b i l i t y  

Elemental composition i s  determined by bom- 

Data would be telemetered back 
During t h e  f i s c a l  
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Lunar Surface Long-Life Meteoroid Detector-Analyzer 

The Meteoroid Technology and Optics Branch w i l l  s tudy  the des ign  
and development of a lunar meteoroid de tec tor -ana lyzer  instrument.  
They w i l l  develop a l abora to ry  breadboard s y s t e m  that w i l l  measure 
pene t r a t ion  flux, v e l o c i t y ,  v e l o c i t y  vec to r ,  and mass of primary and 
secondary p a r t i c l e s  i n  t h e  luna r  atmosphere. 
a n  ope ra t iona l  l i f e t i m e  of a t  l e a s t  one year. 

The d e t e c t o r  i s  t o  have 

X-ray Mff’ rac tmeter  

A surveyor prototype diff’ractaneter is be iag  purchased fo r  in-hoi 
eva lua t ion  i n  terms of poss ib l e  use by an  a s t ronau t .  A s tudy  w i l l  be 
s t a r t e d  on the poss ib l e  use of mul t i -de tec tors  t o  improve r e l i a b i l i t y  
and decrease opera t ing  t ime f o r  obtaining X-my d i f f r a c t i o n  p a t t e r n s  of 
each unknown rock o r  mineral  sample on the lunar sur face .  

So la r  Proton Monitor 

Af t e r  t h e  LE24 ascen t  s tage departs, t h i s  instrument w i l l  be l e f t  
on t h e  l u n a r  su r face  t o  provide long-term monitoring of s o l a r  f l a r e  
proton events .  The Radiat ion and F ie lds  Branch is now developing a 
charged p a r t i c l e  spectrometer  f o r  f u r t h e r  eva lua t ion .  

S o i l  Mechanics Equipment 

The development of equipment t o  ob ta in  d a t a  f o r  modifying t h e  
landing  gea r  or  pads of t h e  Apollo LEN (if  r equ i r ed )  is  t h e  major em- 
phas is  of t h i s  proposed study. This equipment would supply measure- 
ments of b e a r i w  s t r eng th ,  shea r  s t rength ,  and compress ib i l i ty .  

Solar  Wind Monitor 

The Radiat ion and F i e l d s  Branch i s  a t tempt ing  t o  determine t h e  
type  of instrument  t o  be l e f t  on the lunar s e a c e  f o r  long-term mon- 
i t o r i n g  of the s o l a r  wind and f lux.  

Hand Tool Requi remnts  f o r  Apollo Lunar-Surface Missions 

Before manned s c i e n t i f i c  exp lo ra t ion  can be undertaken on t h e  
lunar su r face ,  e x i s t i n g  geologica l  hand t o o l s  m u s t  be modified t o  
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reduce excess weight,  t o  work i n  t h e  lunar  environment, and t o  minimize 
hazards  i n  use. Proposals  on t h i s  s tudy w i l l  be requested wi th in  a few 
weeks. 

Magnetometer 

The a s t ronau t  w i l l  emplace a magnetometer on t h e  moon's sur face  t o  
provide long-term monitoring of t he  i n t e r p l a n e t a r y  and luna r  magnetic 
f i e l d .  The Radiat ion and F ie lds  Branch i s  i n v e s t i g a t i n g  t o  see  i f  t h e  
magnetometer should be similar t o  those prev ious ly  flown on in t e rp l an -  
e t a r y  probes, and i f  s p e c i a l  problems i n  emplacement may be encountered, 
because t h e  a s t ronau t  has only a l imi ted  range from t h e  LFM descent  
s t age .  
solar wind monitor, and magnetometer would provide b e t t e r  data if l e f t  
i n  l una r  o r b i t ,  r a t h e r  than on t h e  su r face .  

It i s  a l s o  a t tempting t o  determine if t h e  s o l a r  proton monitor, 

Mass Spectrometer 

The Plane tary  Atmospheres Sect ion w i l l  make an  in-house eva lua t ion  
of an e x i s t i n g  coincidence mass spectrometer.  This eva lua t ion  w i l l  
he lp  e s t a b l i s h  design parameters f o r  a n  instrument t o  d e t e c t  and de- 
termine any lunar atmosphere, and poss ib ly ,  t o  vaporize and analyze l u n a r  
sur face  material f o r  e lemental  composition. 

Development of a Coring Device f o r  Manned Lunar Explorat ion 

Plans a r e  being made f o r  t h e  development of a l igh t -weight  cor ing 
device capable of t ak ing  t e n  feet of core  from any consol idated rock 
material on t h e  lunar sur face .  The s tudy  is  important not  on ly  t o  de- 
velop instruments,  bu t  a l s o  t o  provide d a t a  f o r  spacec ra f t  puwer r e -  
quirements. The poss ib le  use of t h e  LEM descent  s t age  as a s ink  for 
hea t  d i s s i p a t i o n  w i l l  a l s o  be considered. 

Lunar Surface Geodetic (Se lenodet ic )  Experiments and Instruments 

Instrumental  measurements w i l l  be made by t h e  a s t r o n a u t s  t o  estab- 
l i s h  precise  se l enode t i c  c o n t r o l  po in ts .  These d a t a  are necessary t o  
produce more accura te  maps and c h a r t s  of t h e  l u n a r  su r face ,  which should 
be an a i d  i n  f u r t h e r  explora t ion .  
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MISSION SUPPORT STUDIES 

The mission r e f e r r e d  t o  h e r e  i s  t h e  luna r  su r face  s c i e n t i f i c  ex- 
p l o r a t  ion phase of t h e  Apollo m i s s  ion. 

Lunar Sampling and Sample Return 

A s tudy  is  prcposed t o  determine t h e  most advantageous methods f o r  
the c o l l e c t i o n  and p o s t f l i g h t  r e t u r n  of s u r f a c e  m a t e r i a l  samples t o  be used 
fo r -geo log ica l ,  chemical, and b i o l o g i c a l  research.  Every e f f o r t  w i l l  be 
made t o  prevent any type of contamination of t h e  samples and t o  d e l i v e r  
them t o  e a r t h  i n  t h e i r  o r i g i n a l  condi t icn.  

LEM Descent Engine Chemical Contamination of Lunar Surface Sampling 

There i s  a p r o b a b i l i t y  t h a t  the gases from t h e  I;EM descent  engine 
w i l l  i n t e r a c t  w i th  materials on the l u n a r  s u r f a c e  w i t h i n  t h e  immediate 
landing area of t h e  LEM. 
termine what e f f e c t  t h i s  m i g h t  have on t h e  l u n a r  su r face  sample- 
ga the r ing  procedure. 

This recornended s t u d y  would at tempt  t o  de- 

Lunar Surface Simulation Models 

Two l u n a r  su r face  s imulat ions are t o  be used a t  MSC. One is  a 
625-sq f t  indoor model which dup l i ca t e s  l u n a r  su r face  albedo and 
l i g h t i n g  under var ious phases of ea r thsh ine  ( f i g .  8-2). This model is  
loca ted  a t  E l l i n g t o n  A i r  Force Base. Construct ion has  j u s t  been 
s t a r t e d  on t h e  second s imulat ion a t  S i t e  One ( f i g .  8-3). This w i l l  be 
a n  outdoor s c a l e d  model of 100 meter diameter, s imulat ing luna r  s u r f a c e  
topography and geology. S tud ie s  w i l l  b e  made here  of p re s su re  s u i t  
mobil i ty ,  mission time and motion s t u d i e s  w i t h  a LEM mock-up, a s t r o n a u t  
s c i e n t i f i c  mission t r a i n i n g ,  e t  c e t e r a .  Moon topography has been 
cons t ruc t ed  and based on a reduced s c a l e  f a c t o r  of t o d a y ' s  s ta te  
o f  knowledge. Lunar geology has been superimposed upon t h i s  topography 
according t o  t h e  photo-geological ca t egor i e s  developed by t h e  U.S. 
Geological Survey (USGS), Branch of Astrogeology. Plans have been made 
t o  c o n t i n u a l l y  update t h i s  surface wi th  each new a d d i t i o n  of d a t a  from 
t h e  Ranger, Surveyor, and Orbi ter  programs. 
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Selenology and Geosciences Astronaut Training Program 

With t h e  cooperation of s i x  geo log i s t s  from t h e  USGS, Branch of 
Astrogeology, Training S e r i e s  I c l a s s e s  f o r  t h e  29 as t ronau t s  are now 
being conducted f o r  t h e  cu r ren t  program. The USGS personnel  are in -  
s t r u c t i n g  a P r i n c i p l e s  of Geology course, and MSC g e o l o g i s t s  are in-  
s t r u c t i n g  a Mineralogy and Petrology course.  The program a l s o  includes 
f i e l d  t r i p s  t o  the  Grand Canyon, t h e  Big Bend Country i n  West Texas, and 
Philmont Ranch, New Mexico. Plans f o r  Training S e r i e s  I1 a r e  now underway. 

Cartographic Support of Lunar Surface S c i e n t i f i c  Mission 

This s tudy w i l l  i n v e s t i g a t e  t h e  methods of recording p r e c i s e l y  
the a c t i v i t i e s  of t h e  a s t r o n a u t s  on t h e  l u n a r  s u r f a c e ,  and t h e  m a t e r i a l s  
from which mosaics o r  maps could be made, while withstanding t h e  l u n a r  
su r face  environment. 

Photographic Films f o r  Lunar Surface Photography 

I n  conjunction wi th  t h e  MSC Photographic Divis ion,  a s tudy  has 
been proposed t o  determine whether e x i s t i n g  f i l m s  would have t o  be used 
on t h e  lunar su r face  o r  whether new f i lms  could be developed with 
broader,exposure l a t i t u d e s ,  broader s p e c t r a l  response,  very t h i n  emul- 
s i o n ,  and other  c h a r a c t e r i s t i c s .  This s t u d y  could have a s i g n i f i c a n t  
e f f e c t  on lunar  su r face  camera development. 

Power Supply f o r  Experiments 

A con t r ac t  w i l l  be monitored by t h e  MSC Propuls ion and Energy 
Sy-s tems Division t o  develop long-term dependable power s u p p l i e s  f o r  
lunar surface instruments o r  instrument packages. It appears t h a t  
radio- isotope,  thermonuclear generators  w i l l  be a b l e  t o  supply up t o  
50 watts of power f o r  long per iods of t i m e .  

Telemetry Requirements and C a p a b i l i t i e s  

A funded s tudy w i l l  be monitored by t h e  MSC Ins t rumen ta t ion  and 
E lec t ron ic  Systems Divis ion on t e l eme t ry  and d a t a  handl ing c a p a b i l i t i e s  
required t o  support  long-term, pas s ive  instrument packages. These in -  
struments a re  t o  be emplaced, a c t i v a t e d ,  and perhaps c a l i b r a t e d  by t h e  
a s t r o n a u t  before he r e t u r n s  t o  e a r t h .  Data from t h e s e  instruments  
would be telemetered t o  e a r t h .  
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By James H. S a s s e r  

While it is t r u e  t h a t  many experiments and measurements can be 
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9. LUNAR ORBITAL EXPLORATION 

28774 I 

r i d e  
only on t h e  lunar s u r f a c e ,  it is also t r u e  t h a t  many o t h e r  experiments 
can be performed b e s t  from l u n a r  o r b i t ;  p a r t i c u l a r l y ,  when l u n a r  samples 
and d a t a  have a l r e a d y  been co l l ec t ed  and evaluated. Explorat ion from 
l u n a r  o r b i t  seems very a t t r a c t i v e  when it is  r e a l i z e d  t h a t  from an 
o r b i t a l  a l t i t u d e  of 80 n a u t i c a l  m i l e s ,  about one-third of t h e  moon's 
su r f ace  .?auld be i n  the  view of sensors  du r ing  j u s t  one o r b i t .  

The main purpose of a l u n a r  o r b i t a l  survey mission would be t o  
acqu i r e  d a t a  t o  produce accu ra t e ,  l a rge - sca l e  l u n a r  maps. P resen t  
a b i l i t y  t o  produce d e t a i l e d  maps of t h e  moon is l i m i t e d  by t h e  r e so lu -  
t i o n  a t t a i n a b l e  i n  l u n a r  photographs o r  i n  visual t e l e s c o p i c  observation. 

Figure 9-1 shows a n  enlargement of a photograph of t he  c r a t e r  
Aris tarchus.  The apparent diameter of Ar i s t a rchus  is about 40 kilo- 
meters, and its depth is  j u s t  over 2 ki lometers .  

The most complete map s e r i e s  of t h e  moon tiiday is  the  1:1,000,000 
s c a l e  LAC series produced a t  t h e  U.S. A i r  Force Aeronaut ical  Chart and 
Information Center ( A C I C ) .  Figure 9-2 shows t h e  Ar i s t a rchus  a r e a  as 
portrayed on t h e  1:1,000,000 s c a l e  LAC cha r t .  More d e t a i l s  are added 
t o  t h e  base maps by v i s u a l  t e l e scop ic  observat ions.  

Figure 9-3 shows what is probably t h e  most d e t a i l e d  drawing today 
This was prepared a t  a s c a l e  of l:5OO,OOO by of any area on t h e  moon. 

A C I C  personcel  a t  Lowell Observatory t o  r e p o r t  t h e  luna r  c o l o r  phen- 
omena observed i n  OcLober and November 1963. 

The p i c t u r e s  i n  figures 1, 2 and 3 i l l m t r a t e  how t h e  amount of 
l u n a r  d e t a i l  i nc reases  when t h e  map s c a l e  i s  merely doubled. 
smallest f e a t u r e s  v i s i b l e  i n  the  1:500,000 p o r t r a y a l  s t i l l  r ep resen t  
more than 500 meters on t h e  lunar  surface.  

Y e t  t h e  

The mic ro re l i e f  of t h e  lunar  s u r f a c e  needs t o  be determined down 
t o  t h e  scale of meters and decimeters. It has  been suggested t h a t  t h e  
a s t r o n a u t s  be provided with l:25,OOO s c a l e  maps of l una r  landing areas 
f o r  geo log ica l  exp lo ra t ion  p r p o s e s .  The 1,000-foot t r a v e r s e s  of a 

1 
t y p i c a l  scien-ii l ' ic mission would only r ep resen t  - inch a t  t h i s  s c a l e .  2 
Plans a r e  bein,: made t o  f u r n i s h  t h e  as'cronauts with 1:1,000 s c a l e  
photomosaics of a r e a s  t h a t  must be explored on f o o t .  Only high 
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r e s o l u t i o n  photography obtained from l u n a r  o r b i t  can d e f i n e  t h e  micro- 
r e l i e i '  of t h e  moon on t h e  meter-decimeter s c a l e  and make t h i s , p o s s i b l e .  

Many methods of remote compositional a n a l y s i s  a r e  being s tud ied  
by s c i e n t i s t s  throughout t h e  country. Among these  methods are i n f r a r e d  
senso r s  and m u l t i s p e c t r a l  photography. The i n f r a r e d  sensors  can be 
used t o  d e t e c t  thermal anomalies, as w e l l  as t o  perform compositional 
analyses .  The m u l t i s p e c t r a l  photographic technique,  for those who may 
not be familiar with i t ,  u t i l i z e s  many cameras t o  photograph simultan- 
eously t h e  same su r face  area. By means of f i l t e r s  and f i lms  of d i f f e r -  
e n t  s p e c t r a l  s e n s i t i v i t y ,  each camera can photograph t h e  a r e a  i n  a 
d i f f e r e n t  s p e c t r a l  region. The r e s u l t i n g  images can be added o r  sub- 
t r a c t e d  i n  many ways f o r  i n t e r p r e t a t i o n  of t h e  photographs. 

The p i c t u r e  i n  f i g u r e  9-4 shows an experimental  composite co lo r  
photograph of the moon t h a t  w a s  prepared from images obtained with a 
9-lens camera. The next p i c t u r e  i n  f i g u r e  9-5 is  a photomosaic f o r  
c ompar is on. 

When enough i s  learned about l una r  su r face  materials t o  i n t e r p r e t  
photos such as t h i s  one, it w i l l  be poss ib l e  t o  l o c a t e  su r face  mater- 
i a l s  with unique r e f l e c t i v e  p r o p e r t i e s .  The techniques of remote com- 
p o s i t i o n a l  ana lys i s  w i l l  p l a y  a l a r g e  r o l e  i n  t h e  search f o r  l u n a r  
r e sources ,  and the s e l e c t i o n  of l oca t ions  f o r  l u n a r  bases. These 
methods w i l l  a l s o  be valuable i n  t h e  geologic mapping of t h e  moon. 

Radar measurements and g r a v i t y  g rad ien t  measurements have a l s o  
been suggested as l u n a r  o r b i t a l  experiments. The former may be used 
f o r  topographic mapping and f o r  measurement of d u s t  t h i ckness  (if 
t h e r e  is d u s t ) ;  the l a t t e r  may d e t e c t  g r a v i t y  anomalies t o  make pos- 
s i b l e  deduction regarding t h e  subsurface s t r u c t u r e .  These measurements 
can a l s o  be of g r e a t  value i n  improving knowledge of t h e  s i z e  and shape 
of t he  moon. Such knowledge is necessary f o r  accu ra t e  l u n a r  mapping 
and chart ing.  The e x i s t i n g  u n c e r t a i n t i e s  of s e v e r a l  thousand meters i n  
t h e  p o s i t i o n s  of l una r  c o n t r o l  p o i n t s  a r e  due,  t o  a l a r g e  degree,  t o  
u n c e r t a i n t i e s  i n  t h e  s i z e  and shape of t he  moon, t h e  i n c l i n a t i o n  of i t s  
axis  of r o t a t i o n ,  and t h e  magnitude of i t s  p h y s i c a l  l i b r a t i o n s .  B e t t e r  
values  f o r  a l l  of t hese  must be found, and more a c c u r a t e  l u n a r  c o n t r o l  
e s t a b l i s h e d ,  before it w i l l  be p o s s i b l e  t o  r e a l i z e  t h e  n a v i g a t i o n a l  
accu rac i e s  ava i l ab le  in  e x i s t i n g  i n e r t i a l  guidance systems. 

Since a e r i a l  photography from l u n a r  o r b i t  w i l l  be necessary,  s t u d i e s  
a r e  being made t o  determine t h e  b e s t  cameras f o r  such work. A study 
of' aer ia l  camera systems s u i t a b l e  for manned l u n a r  survey missions w a s  
begun by ACIC i n  November 1963. The r e s u l t s  of t h i s  s t u d y  show t h a t  it 
is  p o s s i b l e ,  with e x i s t i n g  a e r i a l  camera systems, t o  o b t a i n  photography 
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from luna r  o r b i t a l  a l t i t u d e s  from which t h e  l u n a r  mic ro re l i e f  down t o  
one f o o t  i n  s i z e  can be i d e n t i f i e d  and measured. 

A s tudy  of methods of i n t e r p r e t a t i o n  of l u n a r  photography is  sched- 
uled t o  begin soon. The reasons f o r  t h e  unusual photometric p r o p e r t i e s  
of t h e  luna r  s u r f a c e  are not  known. I f  t h e s e  same p r o p e r t i e s  are s t i l l  
exh ib i t ed  on h igh - re lo lu t ion  photographs of t h e  moon, however, t hey  
could- cause problems i n  the  a c q u i s i t i o n  and i n t e r p r e t a t i o n  of l una r  
photographs. This s tudy  w i l l  eva lua te  t h e  e f f e c t s  of photometric prop- 
e r t i e s  on exposure t i m e s  and camera a p e r t u r e s ,  and compare s t e reoscop ic  
and monoscopic methods of e x t r a c t i n g  d a t a  from s i ? x l a t e d  l u n a r  photo- 
graphs. 

Once numerical d a t a  are a v a i l a b l e  concerning su r face  s l o p e s ,  prom- 
inences,  o r  depressions on t h e  lunar  s u r f a c e ,  a quest ion arises about 
t he  method t o  be used t o  desc r ibe  t h e  d i f f e r e n t  types of s u r f a c e  areas. 
The q u a n t i t a t i v e  methods used should not  only desc r ibe  s i n g l e  f a c t o r s ,  
such as l o c a l  s l o p e ,  b u t  should a l s o  provide an index of t he  combina- 
t i o n  of f a c t o r s  t h a t  woiild inf luence the  success of su r face  missions. 
The problem i s  s imi l a r  t o  t h a t  encountered i n  m i l i t a r y  t r a f f i c a b i l i t y  
s t u d i e s .  This s tudy  of mathematical methods of desc r ib ing  l u n a r  t e r r a i n  
should y i e l d  a way of desc r ib ing  areas of t h e  l u n a r  su r face  i n  t e r m s  of 
t h e i r  s u i t a b i l i t y  as poss ib l e  landing areas. The same methods would be 
u s e f u l  t o  the photogeologis t  i n  desc r ib ing  t h e  morphology of l u n a r  areas, 
and i n  eva lua t ing  poss ib l e  exploratior,  areas i n  terms of a s t r o n a u t  
mobil i ty .  

I n v e s t i g a t i o n  of t he  f e a s i b i l i t y  of l u n a r  compositional mapping by 
means of u l t r a v i o l e t  spectroscopy is underway. Many s t u d i e s  are being 
made by o the r s  throughout t he  country t o  determine what d a t a  can be ob- 
t a i n e d  by us ing  in f r a red  sensors.  However, i f  t h e  l u n a r  s u r f a c e  is 
covered by a f i n e  diisT of around 50 micron p a r t i c l e  s i z e ,  t h e  su r face  
w i l l  r a d i a t e  as a black body i n  t h e  in f r a red .  Many l u n a r  s c i e n t i s t s  
be l i eve  t h a t  t h e  su r face  of  t h e  moon is covered by t h i s  f i n e l y  divided 
material ,  s o  a method of remote compositional a n a l y s i s ,  not  a f f e c t e d  by 
f i n e  d u s t ,  may be required.  U l t r a v i o l e t  wavelengths, an o rde r  of mag- 
n i tude  s h o r t e r  t han  i n f r a r e d  wavelengths, o f f e r  a method of composi- 
t i o n a l  a n a l y s i s  whereby d u s t  would not  adve r se ly  a f f e c t  t h e  r e s u l t .  I n  
p a r t i c u l a r ,  t h e  use of W emission l i n e s  i n  the region between 2,000 t o  
3,000Ao appears promising s ince  t h e  luna r  su r face  is  a poor r e f l e c t o r  
of s o l a r  r a d i a t i o n  i n  these  wavelengths. 

I n v e s t i g a t i o n  i s  being made of t h e  photometric,  p o l a r i m e t r i c ,  
thermal,  and d i e l e c t r i c  p rope r t i e s  of suggested luna r  su r face  materials. 
By e l imina t ing  those materials whose p r o p e r t i e s  do not match those of 
t h e  moon i n  any one of t hese  areas, t h e  range of poss ib l e  materials can 
be narrowed considerably.  Much work has been done i n  t h e  s e p a r a t e  areas 
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during the  search f o r  poss ib l e  luna r  m a t e r i a l s ,  but t h e  combined ap- 
proach - t h a t  of a t tempting t o  c o r r e l a t e  a l l  measured d a t a  i n  one l u n a r  
su r face  model - has y e t  t o  be attempted. 

Present knowledge of t h e  s i z e  and t h e  shape of t he  e a r t h  w a s  ob- 
t a ined  only by many thousands of man-years of e f f o r t .  It would c e r -  
t a i n l y  not be p r a c t i c a l  t o  attempt the  same process of measuring t h e  
long a r c s  of geodetic t r i a n g u l a t i o n  on t h e  moon. 
o r b i t a l  spacecraf t  can provide a base from which both t h e  s i z e  and shape 
of t he  moon can be determined t o  accuracies  approaching o r  exceeding 
knowledge of the e a r t h .  D i rec t  d i s t ance  measurements t o  t h e  luna r  su r -  
f ace  from lunar orb i ta l .  s a t e l l i t e s  w i l l  a l low continuous p r o f i l e s  t o  be 
made, using t h e  s a t e l l i t e  o r b i t  as a reference base. From s a t e l l i t e  
o r b i t s  of 100 miles o r  more above the  s u r r a c e ,  g r a v i t y  anomalies a t  o r  
beneath the su r face  w i l l  cause such s m a l l  pe r tu rba t ions  i n  successive 
s a t e l l i t e  o r b i t s  t h a t  u n c e r t a i n t i e s  i n  t h e  luna r  r a d i i  can be reduced 
t o  only a few t ens  of meters. Radar and laser  t e r r a i n  p r o f i l e  r eco rde r s  
are t o  be inves t iga t ed  during t h e  coming year  t o  determine which would 
be b e s t  f o r  t h i s  purpose. The l a s e r  i s  a t t r a c t i v e  i n  t h i s  regard be- 
cause of i t s  high r e s o l u t i o n  and r e l i a b i l i t y .  Radar systems, on t h e  
o the r  hand, o f f e r  t he  b e n e f i t  of measuring d i s t a n c e  not  only t o  t h e  
v i s i b l e  su r face ,  but  through any h igh ly  porous su r face  l aye r .  

Fo r tuna te ly ,  manned 

A f e a s i b i l i t y  s tudy is being negot ia ted a t  t h e  p re sen t  t i m e  f o r  a 
luna r  cqntour mapping system. 
and s t o r e  information on s u b s a t e l l i t e  topography on both t h e  dark and 
s u n l i t  s i d e s  du r ing  many o r b i t a l  passes  around t h e  moon. 

This system can be used t o  range,  record,  

One of t hese ,  o r  some combination of t hese  methods, w i l l  s u r e l y  be 
required t o  improve knowledge of t he  f i g u r e  of t he  moon. 

On e a r t h ,  geodes i s t s  f r e q u e n t l y  make astronomic p o s i t i o n  observa- 
t i o n s  and apply co r rec t ions  f o r  d e f l e c t i o n  of t he  v e r t i c a l  t o  e s t a b l i s h  
geodet ic  posi t ions.  I f  it were p r a c t i c a l  t o  determine t h e  angle  between 
the l o c a l  v e r t i c a l  and the  a x i s  of an o r b i t i n g  mapping-stel lar  camera 
system a t  t he  same i n s t a n t ,  t h e  p o s i t i o n  of t he  c e n t e r  of each succes- 
s i v e  photograph could be determined independently. This would e l imina te  
t h e  normal e r r o r  propacation found i n  photogrammetric c o n t r o l  extensions.  
The g r a v i t y  gradiometers proposed t o  measure sub-surface anomalies are 
t h e o r e t i c a l l y  capable of i n d i c a t i n g  t h e  d i r e c t i o n  of t h e  l o c a l  v e r t i c a l .  
During the  coming yea r ,  s t u d i e s  a r e  being planned t o  determine t h e  b e s t  
type of v e r t i c a l  sensor  t o  be used during l u n a r  o r b i t a l  survey missions.  

With the success fu l  completion of a l u n a r  o r b i t a l  survey mission, 
it i s  q u i t e  possible  t h a t  one of the bas i c  a i m s  of t he  n a t i o n a l  space 
exp lo ra t ion  program may be r e a l i z e d  - t h e  o r i g i n  and h i s t o r y ,  not  j u s t  
of t he  moon, b u t  of t he  e n t i r e  s o l a r  system, may a t  l a s t  be determined. 
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10. SFACECRAF'T CAPABILITY FOR LUNAR ORBITAL Su i i vEy  

By Donald Bres i e  and Rene A. Berglund 

SUMMARY 

The a b i l i t y  of t he  Apollo spacec ra f t  t o  perform a l u n a r  o r b i t a l  
survey mission is  d iscussed ,  and a t y p i c a l  14-day mission i s  presented.  
Suggested sensor  systems such a s  high r e s o l u t i o n  cameras, e l e c t r o n i c  
sensors  and su r face  probes a r e  descr ibed ,  a long wi th  an  equipment module 
used t o  house them. 

INTRODUCTION 

The primary mission of t he  NASA Apollo program i s  a manned landing  
on t h e  luna r  sur face .  The i n i t i a l  Apollo landing w i l l  be supported by 
unmanned programs such as Ranger, Surveyor and O r b i t e r  t o  a s su re  t h e  
success  of the  i n i t i a l  landing. It is  r a t i o n a l  t o  assume t h a t  af ter  t h e  
i n i t i a l  landing,  t h e r e  w i l l  be f u r t h e r  l u n a r  explora t ion .  I n  view of 
t he  inhospi tab le  lunar  environment, it can a l s o  be assumed t h a t  e s t ab -  
l i s h i n g  and maintaining human beings on t h e  l u n a r  su r face  w i l l  be d i f -  
f i c u l t .  The problems of e s t a b l i s h i n g  a base w i l l  r equ i r e  the  development 
of techniques t o  explore  t h e  lunar  su r face  from an o r b i t i n g  spacec ra f t .  
This exp lo ra t ion  w i l l  allow men t o  v i s u a l l y  observe and photographica l ly  
record t h e  lunar su r face  and, with t h e  a i d  of a d d i t i o n a l  s enso r s ,  measure 
and record t h e  l u n a r  environment. This record w i l l  proxfide the  informa- 
t i o n  necessary t o  s e l e c t  t h e  most promising a r e a s  of s c i e n t i f i c  i n t e r e s t  
and determine t h e i r  a c c e s s i b i l i t y  from a s u i t a b l e  luna r  excursion module 
landing  s i t e .  The inaccess ib l e  areas  of i n t e r e s t  must be explored from 
o r b i t  . 

THE MISSION 

The Lunar  O r b i t a l  Explorat ion Mission is suggested t o  f u l f i l l  t h e s e  
goa ls .  The mission is not  a p r e s e n t l y  scheduled Apollo mission bu t  i n -  
house s t u d i e s  show t h a t  it would be very b e n e f i c i a l .  It can be b r i e f l y  
descr ibed  as a non-landing, s c i e n t i f i c  mapping and survey mission. The 
major advantage of t he  mission i s  t h a t ,  un l ike  landing  miss;.ons, t h e r e  
i s  no shor tage  of payload c a p a b i l i t y  f o r  ca r ry ing  experiments.  I n f o r -  
::iati_on is to be gathered with high q u a l i t y  photographs, e lectromagnet ic  



measurements and v i s u a l  observations.  Surface probes from l u n a r  o r b i t  
may a l s o  be used. 

The proposed mission, b a s i c a l l y  Apollo, descr ibed i n  t h i s  presenta-  
t i o n  w i l l  follow these  guidel ines:  

(1) It w i l l  come a f t e r  t h e  p r e s e n t l y  scheduled landing missions.  

(2) The mission w i l l  provide 14 days i n  l u n a r  o r b i t  f o r  a crew of 
t h r e e .  

(3 )  Basic Apollo hardware w i l l  be used with only minor modifica- 
t i o n s .  

( 4 )  Instead of t he  luna r  excursion module, an equipment module 
w i l l  be c a r r i e d  t o  house t h e  photographic,  o p t i c a l ,  and e l e c t r o n i c  eyuip- 
ment. 

A s  shown i n  f i g u r e  10-1, t h e  luna r  exp lo ra t ion  mission w i l l  begin 
as an Apollo mission with launch i n t o  e a r t h  o r b i t .  The t r n n s l u n a r  
t r a j e c t o r y w i l l  be similar t o  a landing mission. A t  midcourse, t h e r e  
w i l l  be a maneuver t o  p o s i t i o n  t h e  space veh ic l e  t o  make a p o l a r  l u n a r  
orb-it  instead of an e q u a t o r i a l  c r b i t  as i n  t h e  landing mission. 

The reason f o r  choosing a p o l a r  o r b i t ,  shown i n  f i g u r e  10-2, i s  t o  
o b t a i n  g r e a t e r  su r f ace  coverage. On a 14-day mission,  f o r  example, t h e  
spacec ra f t  w i l l  pass over t he  e n t i r e  l u n a r  s u r f a c e ,  though only h a l f  of 
it i s  l i gh ted .  This can be done without t h e  a i d  of plane-change maneu- 
vers .  The coverage is obtained by the  moon's r o t a t i o n  with r e s p e c t  t o  
t h e  spacec ra f t  o r b i t .  

Another advantage of a p o l a r  o r b i t  i s  t h a t  it lends i t s e l f  t o  
high r e s o l u t i o n  photography. I n  o rde r  t o  g e t  good photography, a 
l i g h t i n g  angle of between 10" t o  40" from t h e  h o r i z o n t a l  i s  needed, 
with an optimum angle of about 180. This allows i n t e r p r e t a t i o n  of 
ob jec t  heights  and su r face  s lopes.  

Figure 10-3 shows t h a t  i f  t h e  o r b i t  passes  over t h e  subso la r  p o i n t ,  
a good l i g h t i n g  coverage of 60" l a t i t u d e  p e r  o r b i t  can be expected. AS 
t h e  longitude of the o r b i t  is  s h i f t e d  t o  one s i d e  o r  t h e  o t h e r  of t h e  
subso la r  p o i n t ,  then t h e  coverage increases .  An o r b i t a l  o r i e n t a t i o n  of 
50' from the subsolar  po in t  gives t h e  maximum g o d  l i g h t i n g  coverage. 
Since the o r b i t  is space-fixed, once t h e  o r b i t  is e s t a b l i s h e d ,  it w i l l  
remain f ixed with r e spec t  t o  the good l i g h t i n g  area. There w i l l  be a 
change i n  the o r i e n t a t i o n  of t he  o r b i t  of 1" p e r  day due t o  t h e  motion 
of the earth-moon system about t h e  sun. 
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THE SPACECRAFT 

Now t h a t  t h e  mission has  been b r i e f l y  d i scussed ,  t h e  vehicle  needed 
t o  accomplish it w i l l  be described. Figure 10-4 shows t h e  launch con- 
f i g u r a t i o n .  There w i l l  be r e l a t i v e l y  f e w  changes t o  t h e  command and 
s e r v i c e  modules. The same launch vehicle  w i l l  be used. The l u n a r  ex- 
cu r s ion  module w i l l  be omitted,  and i n  i ts  p l a c e  w i l l  be an equipment 
module used t o  house a l l  t he  various a d d i t i o n a l  equipment. This equip- 
ment module has no a d d i t i o n a l  systems o t h e r  t han  those needed t o  support  
t h e  s c i e n t i f i c  equipment. Life  support  equipment i s  provided by t h e  
command and s e r v i c e  modules. I n  t h i s  way, t h e  most versati le s p a c e c r a f t  
is provided, and it has t h e  s implest  experimental  package i n t e r f a c e s  
poss ib l e .  The probe rack shown w i l l  be used t o  support  t h i s  equipment 
module i n s i d e  t h e  booster  adapter.  Na tu ra l ly ,  t h e r e  w i l l  be some change 
i n  t h e  f u e l i n g  of t h e  booster  and s e r v i c e  module due t o  t h e  change i n  
weight of t h e  payload as a whole. 

The equipment module shown i s  much l i g h t e r  than the  p rev ious ly  
used l u n a r  excursion module. Because of t h i s ,  t h e r e  is an excess 
booster  payload c a p a b i l i t y  of approximately 20,000 pounds. 
might be used f o r  a d d i t i o n a l  experiments and contingencies.  

This weight 

A f t e r  launch and i n j e c t i o n  i n t o  t h e  t r a n s 1  nar tra:ec:cr,-, t?e 
adap te r  w i l l  be j e t t i s o n e d  as i n  the Apcllo landing mission, and the  
command and s e r v i c e  modules w i l l  dock t o  t h e  equipment module as shown 
i n  f i g u r e  10-5. This configurat ion w i l l  be maintained throughout t h e  
l u n a r  phase of t h e  mission. After i n j e c t i o n  i n t o  luna r  o r b i t ,  two men 
w i l l  t r a n s f e r  i n t o  the  equipment module t o  ope ra t e  t h e  cameras and 
e l e c t r o n i c  equipment. 
mosphere i n s i d e  . Presumably, t h e r e  w i l l  be a " sh i r t - s l eeve"  a t -  

The inboard p r o f i l e  of t h e  equipment module ( f i g .  10-6), shows t h e  
The cameras operator  (6) l o c a t i o n  of the cameras and equipment. 

s e l e c t s  t h e  area t o  be surveyed with t h e  a i d  of a viewfinder (3) .  
The cameras (1 and 2 )  a r e  pointed by o r i e n t i n g  t h e  e n t i r e  spacec ra f t .  
The second crewmember (7)  operates t h e  e l e c t r o n i c  equipment (4 and 5 )  
and launches t h e  s u r f a c e  probes (6), i f  c a r r i e d .  

THE SURVEY SENSORS 

Some of t h e  o p t i c a l  systems t h a t  might be used i n  a luna r  o r b i t a l  
e x p l o r a t i o n  mission were invest igated.  A sho r t - foca l - l eng th  camera 
w i l l  be used f o r  gene ra l  car tographic  photography. It w i l l  give con- 
t i nuous  coverage of t h e  e n t i r e  l i g h t e d  l u n a r  surface.  A sho r t - foca l -  
l eng th  s t e l l a r  camera w i l l  take p o s i t i o n  r e fe rence  da ta .  A p a i r  of 
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long-focal-length cameras w i l l  give s t e reograph ic  h igh  r e s o l u t i o n  cov- 
erage of s p e c i f i c  a r e a s  of i n t e r e s t .  There w i l l  a l s o  be a viewfinder 
which w i l l  have both high and low r e s o l u t i o n  viewing modes with varying 
r m p i f i c a t i o n  power i n  each. The low r e s o l u t i o n  mode w i l l  have a lower 
magnification l i m i t  of uni ty .  The high r e s o l u t i o n  mode w i l l  have max- 
imum magnification s u f f i c i e n t  t o  r e so lve  2-foot ob jec t s  on t h e  s u r f a c e ,  
o r  about 50 power. The viewfinder w i l l  be used t o  determine t h e  a reas  
t o  be covered by high r e s o l u t i o n  photography. 

W i t h  a conservat ive estimate of f i l m  payloads,  it w i l l  be p o s s i b l e  
t o  photograph 182' longi tude of t h e  su r face  of t h e  moon with the mapping 
camera o r  about 7,OOO,OOO square m i l e s .  Due t o  t h e  g r e a t e r  f i l m  usage, 
a more l imi t ed  coverage can be obtained with t h e  high r e s o l u t i o n  cameras. 
An estimated 300,000 square m i l e s  w i l l  be covered o r  about 30 s i t e s ,  
100 m i l e s  square. These high r e s o l u t i o n  photographs w i l l  be taken i n  
areas of optimum l i g h t i n g  t o  ob ta in  t h e  b e s t  p i c t u r e s  poss ib l e .  

I n  add i t ion  t o  photographs, t h e r e  would also be sensors  t o  measure 
various f ac to r s .  Those sensors  i nves t iga t ed  could be accommodated i n  
t h e  equipment module. They could measure meteoroid f l u x ,  electromag- 
n e t i c  r a d i a t i o n  and g r a v i t a t i o n  f i e l d s .  There i s  some p o s s i b i l i t y  of 
using sensors such as r ada r  f o r  dark-side mapping. The l i m i t i n g  f a c t o r  
for such a senso r ,  however, w i l l  be the  power requirements. 

The most s e r ious  c o n s t r a i n t  with regard t o  coverage i s  t h e  q u a n t i t y  
of f i l m  t h a t  can be returned t o  e a r t h .  The f i g u r e s  concerning coverage 
assume only 80 pounds d a t a  r e tu rned  t o  e a r t h .  Since t h i s  weight may be 
conservat ive,  it is  conceivable t h a t  much g r e a t e r  coverage of t h e  moon 
i s  possible .  Since t h e  l i m i t i n g  f a c t o r  i s  r e e n t r y  weight ,  much of t he  
d a t a  could be telemetered t o  e a r t h .  Most e l e c t r o n i c  d a t a  can be handled 
i n  t h i s  manner. However, l i t t l e  t ransmission of photographs i s  a n t i c i -  
pated due t o  t h e  pena l ty  i n  r e so lu t ion .  

SURFACE PROBES 

The development of a su r face  probe f o r  determining l u n a r  bear ing 
s t r e n g t h  is planned f o r  e a r l y  Apollo missions.  This s u r f a c e  probe 
shown i n  f igu re  10-7 could a l s o  be adapted t o  d e l i v e r  o t h e r  experiments. 
The following s p e c i f i c a t i o n s  app ly  t o  t h e  s u r f a c e  probe: 

B a l l i s t i c ,  unguided t r a j e c t o r y  with s p i n  s t a b i l i z a t i o n .  

Lunar impact v e l o c i t y  = 200 fps .  

Thrust  loads = 8 g ' s  
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Impact loads = 2,OOOg's or l e s s  

Payload - 20 t o  25 pounds 

I -  

Payload envelope - 1' sphere 

A b a l s a  wood impact l i m i t e r  surrounds the  payload and p r o t e c t s  it 
a t  luna r  impact. A s  shown i n  f i g u r e  10-8, t h i s  ba l sa  is blown away wi th  
explosive charges a f t e r  impact. An e r e c t i o n  nechanism is a v a i l a b l e  t o  
right the  payload. If experimental  requirements demand it, more complex 
s o f t  landing probes s i m i l a r  t o  Surveyor could be designed f o r  t h i s  
m i s s  ion. 

EXTENDED MISSIONS 

Since one-half of t he  luna r  sur face  can be photographed i n  a 14-day 
mission,  one m i g h t  a sk  why a longer  mission such as a 28-day mission is  
not  suggested t o  cover more sur face  a rea .  The answer l i e s  i n  the  f a c t  
t h a t  missions extended beyond 14 days would r equ i r e  some major modifica- 
t i o n s  t o  p re sen t  hardware design. For example, a d d i t i o n a l  C02 absorp- 

t i o n  c a p a b i l i t y  would be necessary f o r  environmental cont ro l .  Larger 
power supply r e a c t a n t  tanks would be needed. I n  a d d i t i o n ,  more f u e l  
c e l l s  would be requi red  s ince  t h e  longer  mission would exceed the  ex- 
pected l i f e  of a c e l l .  I n - f l i g h t  s t a r t i n g  c a p a b i l i t y  of t he  spare  c e l l s  
would be necessary. These longer  missions w i l l  be very  d e s i r a b l e  from 
the  s tandpoin t  of g r e a t e r  coverage and lower c o s t  p e r  u n i t  a r e a  covered. 
There a r e  o the r  methods of ob ta in ing  g r e a t e r  coverage. An a d d i t i o n a l  
propuls ion  c a p a b i l i t y  is one approach. 

With more propuls ion ,  t he  module is not  l imi t ed  t o  t h e  13" p e r  day 
provided by the  moon's r o t a t i o n .  More low r e s o l u t i o n ,  car tographic  
photographs can be taken pe r  u n i t  time. However, s ince  t h i s  propuls ion  
could t ake  the  spacec ra f t  out  of t he  good l i g h t i n g  a r e a s ,  t h i s  technique 
is not  app l i cab le  t o  h i &  re so lu t ion  photography. This propuls ion  cap- 
a b i l i t y  w i l l  probably r equ i r e  an a d d i t i o n a l  s t a g e  which may be provided 
by a modified ve r s ion  of t he  LEM descent  s tage .  
descr ibed  h e r e ,  o r  a mission with a d d i t i o n a l  propuls ion ,  o r  wi th  ex- 
tended s t a y  t i m e ,  a r e  a l l  poss ib le .  The evo lu t ion  of t he  s t a t e -o f - the -  
a r t  and t h e  degrees  of success  of p r e s e n t l y  planned Apollo missions w i l l  
be the  determining f a c t o r s  i n  deciding which i s  bes t .  

The 14-day mission as 
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CONCLUDING F@NAXS 

The important p o i n t  t o  remember i s  t h a t  P r o j e c t  Apollo can provide 
a maneuverable s p a c e c r a f t  and t r a i n e d  personnel t o  perform l u n a r  o r b i t a l  
explorat ion.  Photographs and e l e c t r o n i c  survey senso r s  coupled with 
man's v i s u a l  a b i l i t y  w i l l  provide means of recording t h e  l u n a r  su r face  
c h a r a c t e r i s t i c s .  The c a p a b i l i t y  of a luna r  o r b i t a l  exp lo ra t ion  mission 
has been discussed and a general-duty experiment module t o  accomplish 
the mission has been desc r ibed ,  based on the  somewhat naive concept of 
what experimental equipment might prove use fu l .  It is r e a l l y  up t o  t h e  
s c i e n t i f i c  commiinity t o  generate  the s p e c i f i c  requirements which w i l l  
determine the a c t u a l  need and u s e s  f o r  such a mission. It l;iay w e l l  be 
t h a t  a f t e r  t h e  i n i t i a l  l una r  l and ings ,  t h e  information gained w i l l  show 
t h a t  t h e  s c i e n t i f i c  exp lo ra t ion  of t h e  l u n a r  su r face  can be done f o r  
t he  most p a r t  from l u n a r  o r b i t .  I n  any case ,  such a mission as described 
w i l l  be required t o  s e l e c t  t he  s i t e s  f o r  more extensive su r face  explor-  
a t ion .  
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11. LUNAR ATMOSPHERIC MEASURFMENTS 

" 

By Dallas E. Evans 

INTRODUCTION 

Man's i n i t i a l  t r i p  t o  t h e  moon w i l l  allow him t o  observe t h e  re- 
s u l t s  of cosmological processes which have been i n  ex i s t ence  s i n c e  t h e  
moon's formation. It is extremely important t h a t  he use t h i s  g i a n t  
cosmological l a b o r a t o r y  with g r e a t  care  and not  change i t s  nature  s o  
t h a t  i t s  p r imi t ive  s ta te  w i l l  be unknown t o  f u t u r e  s c i e n t i f i c  i n v e s t i -  
gators .  Knowledge of t h e  primary lunar gases can f u r n i s h  valuable in-  
formation r e l a t i n g  t o  t h e  geological  s t r u c t u r e . a n d  h i s t o r y  of t he  moon. 

The moon's atmosphere i s  one environmental f a c t o r  which may be 
a l t e r e d  by rocket  exhaust gases during t h e  f i r s t  and succeeding l u n a r  
missions. It is important,  t h e r e f o r e ,  t h a t  d e f i n i t i v e  observat ions be 
made of t he  undisturbed and unmodified atmosphere of  t h e  moon as w e l l  
as observations of t h e  changes produced by rocke t  gases. 

There w i l l  be opportuni ty  during t h e  t r ans - luna r  phase of t h e  Apollo 
mission, and during the  luna r  o r b i t a l  phase, f o r  an a s t r o n a u t  t o  make 
observat ions of t h e  primary luna r  gases and thereby inc rease  man's under- 
s t and ing  of t h e  formative processes of t h e  p l a n e t a r y  system. Moreover, 
du r ing  t h e  o r b i t a l  phase and t h e  t i-ansearth nhase,  observat ions can be 
made of t h e  i n t e r a c t i o n  and d i f f u s i o n  of the LE24 and command-service 
module rocke t  exhaust gases with t h e  primary luna r  gases. Suck obser- 
va t ions  w i l l  be valuable  i n  determining t h e  l i f e  t i m e s  of rocket  gases 
i n  t h e  moon's atmosphere, thereby providing a b a s i s  f o r  determining t h e  
bui ldup of rocke t  gases i n  t h e  luna r  atmosphere f o r  f u t u r e  missions t o  
come. 

Another environmental f a c t o r  which may be a l t e r e d  by rocket  gases 
du r ing  the f i rs t  and succeeding lunar  missions i s  t h e  accumulation of 
condensed rocke t  gases upon poss ib l e  e x i s t i n g  p r imi t ive  depos i t s  of 
f rozen  water and carbon dioxide i n  permanently shaded regions on t h e  
l u n a r  surface.  During f u t u r e  lunar  su r face  s x p l o r a t i o n  i n t o  t h e s e  
shaded regions,  t h e  quest ion may a r i s e  as t o  whether any discovered 
f rozen  c o n s t i t u e n t s  were p r imi t ive  i n  o r i g i n  o r  products of rocke t  gases ,  
o r  poss ib ly  both. 
around the  moon's s u r f a c e  could poss ib ly  a i d  i n  determining t h e  answer. 

Knowledge of t he  d i f f u s i o n  and f l o w  of rocket  gases 
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PREVIOUS EXPERIMENTAL RESULTS 

Many i n v e s t i g a t o r s  have gathered experimental  d a t a  i n  a t tempting 
t o  gain some measure of t he  ex i s t ence  and s t r u c t u r e  of the l u n a r  atmos- 
phere. The b e s t  t h a t  t e r r e s t r i a l  based experiments have been able t o  
accomplish is t o  determine t h e  probable upper l i m i t s  of t he  moon's a t -  
mospheric d e n s i t y  as est imated by the  i n v e s t i g a t i v e  techniques shown i n  

t a b l e  I. For example, the experimental  value,  which is used by 
many authors i n  t h e o r e t i c a l  l una r  atmosphere s t u d i e s ,  was obtained when 
t h e  moon passed i n  f r o n t  of t he  Crab Nebula. The l a t t e r  is  considered 
a r a d i o  source,  t h a t  i s ,  it e m i t s  electromagnetic waves i n  t h e  r a d i o  
frequency band. Since t h e  moon's atmosphere i s  of low d e n s i t y  and ex- 
posed t o  ionizing s o l a r  r a d i a t i o n ,  it should be h i g h l y  ionized. There- 
fo re  i f  t h e  r a d i o  waves from the  Crab Nebula pass through t h e  ionized 
luna r  atmosphere, they should be r e f r a c t e d ,  and the  measure of t h e  re- 
f r a c t i o n  would be r e l a t e d  t o  t he  amount of i on iza t ion .  

It should be pointed out  he re ,  however, t h a t  one a u t h o r i t y  s t r o n g l y  
suggests t h a t  t h e  r a d i o  s t a r  occu l t a t ion  technique is misleading s i n c e  
an assumption must be made concerning the  amount of i o n i z a t i o n  which i s  
dependent on the  gaseous composition of t h e  moon's atmosphere. If t h e  
moon's atmosphere i s  composed p r imar i ly  of argon, which has  a high 
i o n i z a t i o n  p o t e n t i a l ,  it may not be h i g h l y  ionized t o  an extensive 
depth. * This would, t h e r e f o r e ,  l ead  t o  a h ighe r  value of l una r  atmos- 
phere d e n s i t y  than is deduced by r a d i o  s tar  o c c u l t a t i o n  methods. 

THEORETICAL CONSIDEXATIONS 

It is no t  t he  i n t e n t  of t h i s  paper t o  propose o r  propound any 
s p e c i f i c  or unique theory concerning t h e  e x i s t e n c e  of a l u n a r  atmosphere, 
nor speculate  concerning the  most l i k e l y  s t r u c t u r e  of t h e  luna r  atmos- 
phere as suggested by o the r  authors .  What has been attempted is  t o  make 
a summary of l una r  atmosphere composition as proposed by t h e s e  previous 
authors  i n  t a b l e  11. 

The main purpose of such a summary is  t o  o b t a i n  some idea oT t he  
ranges of gas composition and t h e i r  d e n s i t i e s  as w e l l  as t h e  i o n i c  
values required t o  provide a guide l i n e  f o r  p o s s i b l e  instrument tech-  
niques t o  be considered f o r  atmosphere measurements. 

. 

A s  has been shown, previous authors  g e n e r a l l y  have not  agreed on 
the composition of the moon's atmosphere. A l a c k  of a c t u a l  d a t a  allows 
a wide v a r i e t y  of i n i t i a l  assumptions t o  be made. The d i f f e r e n c e  i n  
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t hese  i n i t i a l  assumptions, p r i n c i p a l l y  i n  assumed sources , are t h e  b a s i s  
of t h e  disagreement among t h e  proposed atmospheres. 

The p r i n c i p a l  mechanisms of l o s s  of c o n s t i t u e n t s  are gene ra l ly  
agreed t o  be thermal escape,  c o l l i s i o n  processes  wi th  t h e  s o l a r  wind, 
and e l e c t r o s t a t i c  r epu l s ion  of ions. Most of Cne r e c e n t  models con- 
sider t h e s e  t h r e e  processes.  
source of l una r  atmosphere cons t i t uen t s  as w e l l  as a mechanism f o r  t h e i r  
e j e c t i o n .  

The s o l a r  wind i s  a l s o  considered a major 

Other t han  t h e  s o l a r  wind, t he re  i s  l i t t l e  consensus among au tho r s  
on sources  t o  be included i n  the  atmosphere model. The const i tuency of 
t h e  s o l a r  wind is  gene ra l ly  taken t o  be the  same as r e l a t i v e  s t e l l a r  
abundances, bu t  t h e r e  is admitted unce r t a in ty  i n  t h i s  supposit ion.  
Estimates of su r face  and meteoret ic  outgassing,  volcanic  a c t i v i t y ,  s u r -  
f a c e  s p u t t e r i n g  and f i s s i o n  production of heavy gases vary widely and 
gene ra l ly  l ead  t o  a corresponding v a r i e t y  i n  t h e  r e s u l t a n t  l una r  atmos- 
phere models. 

U n t i l  s u b s t a n t i a l  improvements are made i n  t h e  knowledge of var ious 
mechanisms r e l a t e d  t o  the  l u n a r  atmosphere, any model which m i g h t  be 
der ived w i l l  be s u b j e c t  t o  considerable unce r t a in ty .  

DETECTION CONSIDERATIONS 

The c h a r a c t e r i s t i c s  of the lunar  atmosphere may be s tudied with 
both mass and o p t i c a l  spectrometr ic  techniques.  There are l i m i t a t i o n s  
t o  both techniques.  

Mass a n a l y s i s  may be performed on e i t h e r  t h e  n e u t r a l  o r  t h e  ionized 
component of t h e  atmosphere. Mass spectrometry a t  p re sen t  o f f e r s  t h e  
on ly  technique which is capable of determining i s o t o p i c  abundance r a t i o s  
and mass d i s t r i b u t i o n  i n  t h e  luna r  atmosphere. 

By measuring t h e  ion ic  components r a t h e r  than the  n e u t r a l  compon- 
e n t s ,  t h e  fol lowing problems are considerably s i m p l i f i e d :  

(1) The e f f e c t s  of veh ic l e  outgassing 

( 2 )  The d i s s o c i a t i o n  of complex molecules during t h e  i o n i z a t i o n  
process  

(3)  The recombination of complex products  i n  t h e  spectrometer 
p r i o r  t o  a n a l y s i s  . 



82 

The o p t i c a l  techniques would o f f e r  t h e  major advantage i n  t h a t  t h e  
measurements may be performed a t  l a r g e r  d i s t ances  from t h e  veh ic l e  than 
poss ib l e  with mass spectrometer techniques,  thus the p rec i se  a l t i t u d e  
of t h e  vehicle  is no longer  important. 

Before deciding whether t o  use mass o r  o p t i c a l  spectrometr ic  
techniques during an Apollo mission, t h e  d i f f e r e n t  phases of the mis- 
s i o n  p r o f i l e  and t h e  ope ra t iona l  requirements should be considered. 

Transliinar Phase 

During this phase t h e  command-service modules and LEM have been 
e j e c t e d  from e a r t h  i n t o  a t r a j e c t o r y  t o  i n t e r c e p t  with t h e  moon. The 
t r a v e l  time is  a nominal t h r e e  days,  and t h e r e f o r e  would permit adequate 
t i m e  f o r  the a s t ronau t s  t o  ob ta in  luna r  atmosphere measurements by means 
of o p t i c a l  techniques. This d a t a  would be t h a t  of t h e  p r i m i t i v e ,  o r  
primary, lunar  atmosphere wi th in  t h e  l i m i t s  of t h e  o p t i c a l  system and 
would provide a comparative check a g a i n s t  d a t a  obtained during t h e  o t h e r  
mission phases. A t  t he  end of t h i s  phase t h e  command-service module 
r e t r o  rocket w i l l  be appl ied i n  order  t o  i n s e r t  t h e  Apollo veh ic l e  i n t o  
l u n a r  o r b i t ,  and as a r e s u l t ,  some of t h e s e  rocke t  gases may i n t e r a c t  
with t h e  lunar atmosphere and thus i n i t i a t e  t h e  f i r s t  l u n a r  atmosphere 
contamination r eac t ion .  Other smaller  c o r r e c t i o n  rocket  b u r s t  may be 
require$ t o  achieve t h e  c o r r e c t  l una r  o r b i t a l  a l t i t u d e .  

Lunar Orbi t  Phase 

Once i n  luna r  o r b i t ,  both o p t i c a l  and mass spectrometer techniques 
may be used. The mass spectrometer would be p r e f e r r e d  i n  ob ta in ing  
luna r  atmosphere composition d a t a  a t  t h e  l u n a r  o r b i t  a l t i t u d e ;  whereas, 
t h e  o p t i c a l  techniques would be ab le  t o  o b t a i n  information a t  remote 
p o s i t i o n s  from t h e  command module. Continuous monitoring by the  
command module i n  luna r  o r b i t  of the LEM r o c k e t  gases during both t h e  
LEM descent  and a scen t  s t ages  would provide information regarding the  
d i f f u s i o n  and flow of rocket  gases around t h e  l u n a r  su r face  t o  t h e  
dark s i d e  (heat  s i n k )  of t h e  moon. 

Transearth Phase 

During t h i s  phase t h e  command-service module e j e c t s  a t  t h e  proper 
time from lunar  o r b i t  i n t o  a t r a j e c t o r y  t o  i n t e r c e p t  with e a r t h .  During 
t h i s  e j e c t i o n  from luna r  o r b i t  more rocke t  gases w i l l  be i n j e c t e d  i n t o  
the  luna r  atmosphere; consequently,  it would be d e s i r a b l e  t o  i n v e s t i g a t e  
t h e  l u n a r  atmosphere before t h e  Command and s e r v i c e  modules s e p a r a t e  and 
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thereby ob ta in  d a t a  by o p t i c a l  techniques as t o  t h e  p o s s i b l e  t o t a l  
rocket  gas contamination of the lunar  atmosphere. Such d a t a  could slso 
provide information r e l a t i n g  t o  the l ifetime of rocke t  gases i n  t h e  
l u n a r  atmosphere. 

It has  been suggested t h a t  it might be d e s i r a b l e  t o  leave an op- 
t i c a l  and mass spectrometer system aboard t h e  abandoned LEM i n  l u n a r  
o r b i t  with s u f f i c i e n t  t e l eme t ry  s o  t h a t  continuous monitoring, a t  t h e  
UDI  o r b i t a l  a l t i t u d e ,  could be made t o  i n v e s t i g a t e  t h e  e f f e c t s  of s o l a r  
f la re  events  upon t h e  l u n a r  atmosphere. 

Lunar Surface Phase 

Although t h e  l u n a r  su r face  phase l o g i c a l l y  comes before t h e  t r a n s -  
e a r t h  phase, it w a s  i n t e n t i o n a l l y  l e f t  u n t i l  l a s t .  A f t e r  t h e  LEM lands 
on t h e  l u n a r  s u r f a c e , a  coincidence mass spectrometer posi t ioned by t h e  
a s t ronau t  would be most d e s i r a b l e  t o  o b t a i n  l u n a r  su r face  atmosphere 
composition. The same coincidence mass spectrometer with proper design 
could be used t o  analyze luna r  surface material composition as w e l l .  
The coincidence mass spectrometer i s  a r e l a t i v e l y  new concept and some 
of t h e  outs tanding c h a r a c t e r i s t i c s  claimed by i t s  developer are as 
fol lcws : 

W i l l  measure masses from 1 t o  10,000 

Has 1,000,000 t i m e s  greater absolute  s e n s i t i v i t y  than  any o t h e r  
e x i s t i n g  mass spectrometer 

Can measure concentrat ions of less than  one p a r t  p e r  m i l l i o n  

Can analyze gas mixtures i n  which t h e  t o t a l  p re s su re  is  as l o w  

as t o r r  

An a n a l y s i s  of t h e  lunar atmosphere a t  t h e  moon's su r f ace  w i l l  have 
t o  contend with many f a c t o r s  such as outgassing of t h e  LEM, a s t r o n a u t ' s  
s p a c e s u i t  and o the r  experimental  packages, as w e l l  as p o s s i b l e  emission 
of I;EM r e t r o  rocke t  gases which may be absorbed temporar i ly  i n t o  t h e  
l u n a r  surface.  However, by removing t h e  spectrometer s u f f i c i e n t l y  fa r  
from t h e  LEM t h e s e  p o t e n t i a l  problems could be obviated. 

I n  conclusion, it is a l s o  recognized t h a t  t h e  l u n a r  atmosphere may 
be contaminated t o  some degree before t h e  Apollo mission by Ranger and 
Surveyor unmanned vehicles .  Nevertheless,  with s u f f i c i e n t  information 
of t h e  l u n a r  atmosphere from t h e  Apollo mission,  it should be p o s s i b l e  
t o  determine t h e  f r a c t i o n  of contamination due t o  t h e  small amount of 
l ong  l i f e  t i m e  gas c o n s t i t u e n t s  from t h e s e  previous space vehicles .  
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I . . 

I -  

Author 

Elsmore 

- -  
Vest ine 

Edwards and Borst 

Herring and L i c h t  

Opik and Singer 

Singer 

Watson, Murray and Brown 

Nakada and Mihalov 

Opik 

Weil and Barasch 

~~~ ~~~ 

Dens it y 
( I n  terms of te r r .  

a t  sea leve l )  

Elsmore ' s  value 

< 10-11 
No i= 10 8 3  /cm 

and Elsmore ' s  value 

Elsmore 's value 

Elsmore's value 

Elsmore s value 

Possible gaseous 
constituents considered 

K r ,  Xe 

K r ,  Xe 
(determined by solar  wind) 

~~ 

H N 80/cm 3 
eN N 10 3 3  /cm 

(only gas from interplan- 
e ta ry  space) 

H 0 vapor 
4 3 (3 .5 x 10 mole/cm ) 

2 3  ion den. N 10 /cn 
H g ,  K r ,  C02,  SO2, H c l ,  

2 

3 H p ,  " 
N (10 5 3  /cm 1, o (10 6 3  /cm ), 

Ar (10 4 3  /cm ), and 

(8 x 10 5 3  /cm ) e N 

3  ax eN 2,300/cm 

obs. e = 1,400/cm 3 

~ ~ ( 1 0  5 3  /cm ) species, 
N 

with H2 x 0.12, H20 ;= 1.1 

co2 1.4-3.4, various 
(volcanic) N 0.1 with 

a l l  = 3-5,  also 0 and N 

e (max) N 400/cm 3 
N 

gases not considered 


